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INTRODUCTION 

The  annual  honey  crop  of  a  colony  of  honeybees  is  dependent  upon 
a  considerable  number  of  factors,  part  dealing  with  the  activities  of 
the  bees  and  part  resulting  from  the  various  external  factors  influ- 
encing the  secretion  of  nectar  by  the  honey  plants  of  the  locality. 
Demuth  (8,  p.  18)1  has  shown  this  interrelationship  by  pointing  out 
that  there  are  four  factors  which  combine  to  make  the  honey  crop : 
A  surplus  population  in  the  colony  over  and  above  the  bees  neces- 
sary for  colony  maintenance,  a  predominance  of  the  storing  instinct 
and  the  control  of  swarming,  honey  plants  growing  under  opti- 
mum conditions,  and  weather  suitable  for  the  secretion  of  nectar  and 
the  gathering  of  it  by  the  bees.  If  any  one  of  these  factors  is  reduced 
to  zero,  the  crop  is  zero,  and  if  any  one  factor  is  reduced  one-half, 
the  crop  is  one-half  the  maximum.  Naturally,  so  long  as  the  factors 
do  not  rest  on  a  mathematical  expression,  it  is  impossible  to  inter- 
pret them  with  exactness,  but  every  experienced  beekeeper  realizes 
this  interrelationship;  it  is  therefore  safe,  as  a  working  hypothesis, 
to  accept  these  factors  as  real  and  fundamental. 

Most  of  the  work  done  on  beekeeping  subjects  has  dealt  either 
with  methods  of  obtaining  for  the  colony  a  surplus  population  at  the 
right  time  for  the  gathering  of  the  crop,  or  with  the  management  of 

i  Reference  is  made  by  number  (italic)  to  "  Literature  cited,  "  p.  50. 
42201—25 1 


2  BULLETIN   1339,  U.   S.   DEPARTMENT  OF  AGRICULTURE 

the  colonies  so  as  to  induce  the  bees  to  expend  their  energy  in  gath- 
ering, which,  as  every  experienced  beekeeper  knows,  means  the  con- 
trol of  swarming  and  anv  other  instinctive  activity  which  might  tend 
to  reduce  the  manifestation  of  the  gathering  instinct.  The  last  two 
factors  of  those  above  mentioned  have  to  a  considerable  degree  been 
neglected,  doubtless  because  they  are  outside  the  control  of  the  bee- 
keeper in  any  given  location.  Since  the  honey  crop  is  so  intimately 
connected  with  these  factors,  however,  it  is  unwise  to  neglect  them. 
There  are  extensive  records  and  lists  of  the  plants  which  furnish  nee  • 
tar  in  quantities  sufficient  to  make  beekeeping  profitable  in  the  var- 
ious parts  of  the  country,  and  there  are  certain  results  of  botanical 
investigations  which  bear  on  this  subject,  but  as  a  rule  these  results 
have  not  been  part  of  the  beekeeping  literature.  Almost  no  atten- 
tion has  been  paid  to  the  effect  of  weather  factors  on  the  gathering 
of  the  crop. 

The  purpose  of  this  bulletin  is  to  present  information  on  the  rela- 
tionship existing  between  changes  in  the  weight  of  a  colony  of  bees 
during  a  honey  flow  and  the  prevailing  weather  conditions,  based  on 
data  obtained  at  the  Bee  Culture  Laboratory,  Somerset,  Md.,  from 
February  to  November,  1922,  and  for  the  month  of  May,  1923. 
The  major  problem  during  this  time  was  an  intensive  study  of  colony 
temperatures,  but  this  experiment  necessitated  the  recording  of 
changes  in  the  weight  of  at  least  one  colony  of  bees  hourly  throughout 
the  day  and  night  for  long  consecutive  periods.  At  the  conclusion 
of  the  experiment  a  hasty  survey  of  these  changes  immediately  re- 
vealed an  abundance  of  interesting  data  which  seemed  to  throw  con- 
siderable light  upon  the  relationship  of  changes  in  hive  weights  to 
outside  conditions.  Although  the  data  herein  recorded  on  the  fac- 
tors influencing  changes  in  weight  are  not  as  complete  as  they  should 
be  to  carry  such  a  problem  to  a  final  conclusion,  the  subject  is  here 
presented  from  the  material  available  in  the  hope  that  it  will  serve 
as  a  stimulus  to  investigators  in  different  great  honey-producing 
areas  to  study  the  relationship  of  weather  to  honey  production.     A 

Problem  like  this  can  not  be  solved  without  such  comparative  data, 
nformation  of  this  sort  covering  the  principal  honey-producing  sec- 
tions of  the  United  States  would  be  of  inestimable  value  in  the  fur- 
therance of  beekeeping.  A  knowledge  of  existing  honey  flora  and  a 
correlation  of  weather  conditions  with  bee  behavior  should  help  the 
prospective  beekeeper  in  choosing  the  best  beekeeping  locality.  At 
the  present  time  there  is  no  method  of  predicting  whether  a  locality 
will  prove  profitable  to  the  beekeeper  except  by  the  results  obtained 
by  other  beekeepers.  It  would  be  well  to  know  just  why  certain 
plants  produce  nectar  in  one  locality  and  not  in  another,  and,  more 
important  still,  to  discover  if  possible  the  laws  underlying  the  rela- 
tionship between  bees,  nectar-producing  plants,  and  weather  condi- 
tions as  they  influence  the  results  of  the  beekeeper,  and  to  determine, 
if  possible,  which  are  the  most  important  factors  upon  which  the 
honey  crop  depends. 

In  this  discussion  the  results  of  the  relationship  of  bees  and  nectar- 
producing  plants  are  shown  either  as  surplus  honey  or  as  increase 
in  the  weight  of  the  colony.  The  two  results  are  inseparable  as  far 
as  the  present  work  is  concerned.  No  effort  was  made  to  study 
plant  behavior  and  bee  behavior  as  separate  subjects,  but  the  results 
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of  the  two  working  together  as  one,  and  recorded  as  "  colony  weight 
changes/'  have  been  studied  in  their  relation  to  the  prevailing 
weather  conditions. 

It  is  a  very  common  practice  among  the  best  beekeepers  to  main- 
tain what  is  known  as  a  scale  colony.  A  colony  of  average  strength 
is  usually  chosen  for  this  purpose  and  is  placed  on  scales  in  the 
apiary.  This  colony  is  weigned  once  or  twice  a  day,  usually  in  early 
morning  and  after  the  bees  have  stopped  flying  in  the  evening.  Such 
weighings  however,  are  usually  made  in  a  haphazard  manner,  with- 
out much  care  that  the  weighings  are  recorded  at  an  exact  time  each 
day.  Such  records  give  little  information  except  that  they  indicate 
in  a  rough  manner  the 
trend  of  the  honey 
flow.  Unfortunately, 
even  such  records  as 
these  are  not  available 
for  most  localities. 

Records  of  careful 
hourly  weighings  of 
colonies  are  scarce. 
Dufour  (10)  pointed 
out  the  value  of  hourly 
weighings  and  showed 
how  enormously  the 
hourly  changes  in 
weights  throughout  the  ft 
day  may  vary  on  days  | 
showing  the  same  net  gj 
gain.  Figure  1,  taken 
from  data  used  in  the 
present  investigation, 
illustrates  graphically 
the  activities  on  two 
days  when  the  net 
gains  were  approxi- 
mately the  same.  The 
times  of  regaining  the 
original  weights  are 
shown  at  the  intersec- 
tions of  the  curves  with 
the  zero  line.  Dufour 
(10)  gives  information 
on  the  weather  condi- 
tions only  in  a  general 
way,  during  the  time  when  he  carried  on  his  experiments,  and  it  is 
therefore  impossible  to  calculate  the  exact  relationship  in  his  investi- 
gation between  the  changes  of  colony  weight  and  the  weather. 

In  any  discussion  of  changes  in  colony  weight  it  is  important  to 
keep  in  mind  the  fact  that  these  changes  are  brought  about  by  two 
factors  working  jointly,  both  influenced  by  weather  conditions. 
These  factors  are  the  secretion  of  nectar  by  the  plants  and  its  collec- 
tion by  the  bees.  Of  the  two  factors,  investigators  have  given  more 
attention  to  nectar  secretion  than  they  have  to  bee  behavior.  Even 
in  the  field  of  nectar  secretion  there  is  no  general  agreement  as  to  the 
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Fig.  1.— Graphs  of  hourly  changes  in  the  weight  of  a  colony  of  bees  on 
two  days  when  the  net  gains  were  approximately  the  same.  The 
solid  line  presents  the  changes  on  May  9,  the  other  those  on  Sep- 
tember 28,  1922 
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relative  value  of  the  influencing  factors;  certainly  none  based  on  a 
mathematical  determination  of  their  relative  importance. 

Kenyon  {21)  and  Kenoyer  {20)  called  attention  to  Dufour's  work 
in  the  hope  that  others  would  carry  on  similar  experiments,  but  no 
extensive  research  seems  to  have  been  undertaken  until  the  present 
work.  Discussions  of  factors  influencing  nectar  secretion  alone  are 
often  somewhat  misleading  to  the  beekeeper,  because  factors  which 
may  stimulate  or  retard  nectar  secretion  may  not  be  apparent  at 
the  hive  as  shown  by  changes  in  weight  or  in  the  honey  crop. 

Considerable  work  has  been  done  on  the  problem  of  nectar  secre- 
tion and  the  influence  upon  it  of  temperature,  humidity,  altitude, 
latitude,  and  similar  factors,  but  little  is  on  record  other  than  casual 
observations  by  beekeepers  as  to  the  influence  of  these  factors  on  bee 
behavior  during  the  active  season,  either  in  or  out  of  the  hive.  The 
works  on  nectar  secretion  by  Bonnier,  Behrens,  deLayens,  and  Ken- 
oyer stand  out  prominently  in  this  line.  These  writers  and  others 
have  made  important  contributions  on  the  mechanism  of  nectar 
secretion  and  on  the  factors  influencing  it.  Unfortunately,  only  a 
comparatively  few  plants  have  been  studied  for  nectar  secretion  from 
a  physiological  point  of  view,  and  when  thus  studied  the  number  of 
individuals  of  a  species  has  of  necessity  been  small.  Too  often  obser- 
vations have  been  confined  to  flowers  cut  from  the  plant  in  order  to 
control  the  governing  factors,  such  as  temperature  and  humidity, 
thus  leading  to  erroneous  conclusions.  Loftfield  {22,  p.  101)  has 
pointed  out  in  the  study  of  stomatal  movement  the  great  difference 
m  behavior  between  cut  stems  and  potted  or  field  plants  of  the  same 
species. 

It  is  quite  evident  that  the  factors  influencing  nectar  secretion  are 
not  necessarily  synonymous  with  those  affecting  the  changes  in 
weight  of  a  colony  of  bees  during  the  honey  flow.  In  glancing  over 
papers  dealing  with  nectar  secretion  there  is  usually  no  clear  dis- 
tinction drawn  between  the  amount  of  nectar  secreted  and  the  sur- 
plus honey  gathered  by  bees,  and  one  might  assume  that  what  affects 
one  should  affect  the  other  in  like  manner.  This  appears  not  to  be 
the  case,  as  indicated  by  the  data  at  hand.  It  is  also  evident  that 
data  on  nectar  secretion  for  certain  species  of  plants  should  be  limited 
largely  to  the  species  in  question  and  not  used  for  comparison  with 
other  species  in  other  localities.  If  climatic  conditions  affect  the 
behavior  of  bees  in  the  same  manner  as  they  affect  nectar  secretion, 
one  would  expect  to  find  a  close  correlation  between  factors  reputed 
to  be  favorable  both  to  nectar  secretion  and  to  increases  in  the 
weight  of  colonies  of  bees,  but  such  a  correlation  does  not  seem  to 
exist.  It  seems,  therefore,  either  that  the  proper  combination  of 
factors  influencing  nectar  secretion  has  not  been  discovered,  or  that 
the  effect  of  weather  conditions  upon  the  behavior  of  bees  is  entirely 
different  from  their  effect  upon  plants.  It  has  previously  been  im- 
possible to  determine  by  judging  from  the  changes  in  the  weight  of 
a  colony  of  bees  whether  weather  conditions  influence  the  more 
greatly  bee  behavior  or  nectar  secretion;  and,  from  the  standpoint  of 
the  practical  beekeeper,  the  influence  of  weather  upon  colony  weight 
is  far  more  important  than  its  influence  upon  either  nectar  secretion 
or  bee  behavior  alone. 
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METHOD  OF  OBTAINING  DATA 

From  February  to  November,  1922,  continuous  records  were  made 
of  a  colony  of  bees  placed  on  platform  scales  sensitive  to  10  grams. 
Owing  to  the  nature  of  the  principal  problem  under  investigation, 
hive  temperatures,  the  hive  was  lelt  unprotected  and  certain  of  the 
weight  records  were  rendered  useless,  water  remaining  on  the  hive 
and  bottom-board  after  rains  causing  too  great  errors  in  the  weight 
records.  During  most  of  the  month  of  June,  1922,  alterations  were 
necessary  in  the  apparatus  for  recording  temperatures  in  this  colony, 
and  weight  records  are  therefore  not  available  for  this  month. 

A  standard  10-frame  Langstroth  hive  was  used  to  house  this  colony. 
Previous  to  the  honey  flow  two  brood  chambers  were  in  use,  and  a 
few  days  before  the  beginning  of  the  honey  flow  the  colony  was  manip- 
ulated to  prevent  swarming  and  additional  supers  were  added.  The 
colony  was  left  in  this  condition  until,  in  June,  alterations  were  made 
in  the  temperature-recording  apparatus. 

During  May,  1923,  two  colonies  placed  side  by  side,  both  on  equally 
sensitive  scales,  were  observed  for  additional  data  covering  another 
honey  flow.  Both  colonies  were  in  standard  10-frame  hives,  each 
having  two  hive  bodies  for  brood  and  three,  above  a  queen  excluder, 
as  supers.  In  this  case  the  colonies  were  given  ample  room  for  brood 
rearing  and  storage  of  nectar,  and  made  no  attempt  to  swarm.  Pre- 
cautions were  taken  to  shield  these  hives  from  rain,  by  placing  a 
sloping  board  over  the  entrance  of  each  colony  in  such  a  manner 
that  rain  would  not  fall  on  the  bottom-board,  while  there  would  be 
free  access  to  the  bees.  A  false  roof  was  suspended  over  the  outer 
cover  of  the  hive,  which  caught  the  rain  and  shed  it  beyond  the  hive 
walls.  A  light  wooden  framework  over  the  two  colonies  was  covered 
with  canvas.  In  case  of  a  light  rain  when  the  bees  were  still  flying 
the  canvas  cover  was  not  used,  but  during  periods  of  hard  dashing 
rains  the  canvas  was  dropped  so  low  as  to  surround  the  hives  com- 
pletely and  prevent  any  water  from  collecting  on  them. 

Weighings  were  made  hourly  throughout  the  24  hours  of  each  day, 
including  Sunda}Ts  and  holidays,  three  persons  being  assigned  to  the 
work  on  8-hour  shifts.  One  of  the  unfortunate  circumstances  con- 
nected with  working  on  such  a  problem  at  Somerset,  Md.,  is  that  the 
main  honey  flow  is  exceedingly  short  (seldom  over  10  days  to  2 
weeks),  thus  increasing  the  probable  error  in  all  calculations  by  re- 
ducing the  number  of  possible  observations.  The  correlation  coeffi- 
cients for  the  spring  honey  flow  are  based  on  the  one  colony  in  1922, 
and  on  the  two  colonies  in  1923.  For  conclusions  relative  to  the  fall 
honey  flow  only  the  figures  for  the  one  colony  of  1922  are  available. 

In  order  to  calculate  the  relationship  between  changes  of  weight 
and  weather  conditions  during  the  honey  flow,  only  those  days  show- 
ing a  net  gain  of  980  grams  or  over  were  used  for  the  spring  honey 
(low.  The  calculations  for  the  fall  period  include  all  days  from  Sep- 
tember 4  to  October  5,  irrespective  of  gains  or  losses;  the  two  sets  of 
data  are  therefore  not  strictly  comparable. 

Hourly  thermograph  and  hygrograph  records  were  made  for  use  in 
calculating  the  mean  temperatures  and  relative  humidity;  the  mean 
of  maximum  and  minimum  temperatures  was  not  used.  Hartzell 
(16)  has  pointed  out  the  chances  of  error  in  endeavoiing  to  correlate 
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the  average  of  maximum  and  minimum  temperatures  with  various 
biological  activities. 

A  rather  rough  record  was  kept  of  sunshine  and  cloudiness,  but  in 
all  calculations  the  records  of  the  United  States  Weather  Bureau  for 
Washington,  D.  C,  were  employed.  There  is  a  distance  of  6  miles 
between  the  Weather  Bureau  Station  in  Washington  and  the  Bee 
Culture  Laboratory,  at  Somerset,  Md.,  and  it  was  found  that  only 
negligible  differences  existed  beween  the  recorded  hours  of  sunshine  for 
the  two  places.  Records  of  solar  radiation  were  also  available  through 
the  kindness  of  Prof.  H.  H.  Kimball,  of  the  Weather  Bureau,  these 
being  taken  at  American  University,  in  Washington,  about  1  mile 
from  the  Bee  Culture  Laboratory. 

Calculations  relating  to  the  effect  of  wind  upon  honey  produc- 
tion were  not  made.  The  anemometer  maintained  at  the  Bee  Cul- 
ture Laboratory  was  so  located  for  another  purpose  that  its  records 
were  not  applicable  to  this  problem. 

The  principal  source  of  nectar  available  to  the  bees  in  this  experi- 
ment was  that  from  tulip  tree  (Liriodendron  tulipifera).  It  is  an 
excellent  honey  plant  in  this  locality,  yielding  abundantly  for  about 
two  weeks  in  early  May.  Since  it  blooms  so  early  in  the  season,  it 
is  of  the  utmost  importance  that  the  beekeeper  have  his  colonies 
strong,  otherwise  its  nectar  is  wasted  with  the  exception  of  what  little 
is  used  for  brood  rearing.  Occasionally  black  locust  (Robinia  pseu- 
dacacia)  furnishes  considerable  nectar,  but  this  plant  is  not  depend- 
able in  this  region.  The  period  of  the  secretion  of  black  locust  coin- 
cides closely  with  that  of  tulip  tree.  In  1922  the  bees  worked  on 
locust  actively  for  several  days,  while  scarcely  a  locust  blossom  was 
seen  in  1923.  A  rainy  May,  especially  rain  for  the  first  few  weeks  of 
May,  spells  crop  failure  for  the  beekeeper  of  this  region.  In  this  con- 
nection, attention  should  be  called  to  the  statement  of  Kenoyer  (19) 
that  a  rainy  May  scarcely  fails  to  precede  a  good  honey  season  in 
the  State  of  Iowa.  This  emphasizes  the  statement  made  earlier  in 
this  bulletin  that  with  the  present  limited  knowledge  of  the  various 
honey  plants  a  general  application  should  not  be  made  of  data  secured 
in  a  single  locality  with  a  certain  species  of  plant.  Kenoyer's  work 
was  based  on  data  obtained  in  the  clover  region. 

The  coefficients  of  correlation  between  the  various  factors  were 

calculated  from  the  following  usual  formula  for  biometric  calculations 

(7): 

/Zzy         \    1 
r  =  [  — --xy  

Probable  errors  were  calculated  from  the  formula — 

PEr=^(1_^)  =  Xl(1_^ 

The  values  of  %i  were  taken  from  Pearson  (29),  and  the  values  of 
1-r2  from  Miner's  Tables  (25)  \ 

2  All  mathematical  calculations  are  based  on  accepted  biometric  methods.  The  writer  here  records 
his  thanks  to  Dr.  Sewall  Wright,  of  the  Bureau  of  Animal  Industry,  for  his  unfailing  assistance  and 
advice  in  this  phase  of  the  work. 
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It  may  not  be  amiss  at  this  place  to  give,  for  those  not  well  versed 
in  biometrics,  a  brief  explanation  of  the  terms  "corr elation' '  and 
" probable  error."  The  following  quotation  is  taken  from  Bowley 
{3,  <p.  816) : 

When  two  quantities  are  so  related  that  the  fluctuations  in  one  are  in  sympa- 
thy with  fluctuations  in  the  other,  so  that  an  increase  or  decrease  of  one  is  found 
in  connection  with  an  increase  or  decrease  (or  inversely)  of  the  other,  and  the 
greater  the  magnitude  of  the  changes  in  the  one,  the  greater  the  magnitude  of 
changes  in  the  other,  the  quantities  are  said  to  be  correlated. 

We  may  have  either  a  positive  or  a  negative  correlation.  When 
a  change  in  one  quantity  or  variable  is  accompanied  by  a  direct  change 
in  the  other  the  correlation  is  said  to  be  positive.  A  perfect  positive 
correlation  has  the  value  of  1.  When  the  correlation  is  less  than  per- 
fect it  must  be  written  as  a  decimal  of  one,  such  as  .75.  When  the 
relationship  between  two  quantities  or  variables  is  indirect,  such  as 
an  increase  in  one  being  accompanied  by  a  decrease  in  the  other,  the 
correlation  is  negative.  A  perfect  negative  correlation  has  the  value 
of  —  1.  Such  a  relationship  less  than  perfect  must  also  be  written  as 
a  decimal  and  is  always  preceded  by  a  minus  sign.  Coefficients  of 
correlation  state  in  numerical  terms  the  relationship  between  two 
variables.  Graphs  are  useful  in  showing  relationship  between  two 
variables,  but  they  do  not  give  numerical  correlation  values,  and  it 
is  often  difficult  from  the  study  of  a  graph  to  discover  slight  relation- 
ship or  entire  absence  of  relationship;  this  difficulty  does  not  exist 
in  the  case  of  correlation.  It  is  often  convenient  to  think  of  a  coeffi- 
cient of  correlation  in  terms  of  percentage;  thus,  a  correlation  written 
0.8654  may  be  read  as  86.54  per  cent. 

The  probable  error  is  a  term  applied  in  biometrics  to  make  correc- 
tions in  a  calculation  where  complete  data  are  lacking.  Sample 
measurements  must  be  made  preliminary  to  a  biometric  calculation 
and  it  is  rarely  possible  to  obtain  a  complete  series  of  samples.  For 
instance,  in  calculating  the  correlation  between  temperature  and  the 
change  in  colony  weight  we  may  have  the  changes  in  weight  occurr- 
ing at  80°,  81°,  82°,  and  84°  F.,  the  change  at  83°  F.,  being  for  some 
reason  impossible  to  secure.  The  probable  error  gives  the  measure 
of  unreliability  due  to  lack  of  sufficient  data.  Obviously,  the  smaller 
the  number  of  data  involved  the  greater  the  probable  error.  The 
probable  error  is  written  with  a  combined  plus  ( + )  and  minus  ( — ) 
sign  (±),  and  represents  the  true  correlation  as  falling  somewhere, 
either  above  or  oelow  the  calculated  correlation,  by  a  difference 
most  probably  equal  to  the  value  of  the  probable  error.  A  cor- 
relation written  .7500 ±.0600  indicates  that  there  is  an  even  chance 
that  the  true  value  lies  between  .7500 +  .0600,  or  .8100,  and  .7500- 
.0600,  or  .6900.  To  be  significant,  the  coefficient  of  correlation  should 
be  at  least  about  four  times  its  probable  error.  When  it  is  less  than 
this  the  correlation  approaches  zero  in  its  significance  and  is  of  impor- 
tance primarily  as  showing  whether  a  relationship  is  positive  or  nega- 
tive.    In  discussing  the  probable  error  Yule  {36,  p.  811)  says: 

If  an  error  or  deviation  in,  say,  a  certain  proportion  p  only  just  exceed  the 
probable  error,  it  is  as  likely  as  not  to  occur  in  simple  sampling;  if  it  exceed 
twice  the  probable  error  (in  either  direction),,  it  is  likely  to  occur  as  a  deviation 
of  simple  sampling  about  18  times  in  100  trials — or  the  odds  are  about  4.6  to  1 
against  its  occurring  at  any  one  trial.  For  a  range  of  three  times  the  probable 
error  the  odds  are  about  22  to  1,  and  for  a  range  of  four  times  the  probable  error 
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142  to  1.     Until  a  deviation  exceeds,  then,  4  times  the  probable  error,  we  cannot 
feel  any  great  confidence  that  it  is  likely  to  be  "significant." 

To  reduce  the  labor  of  calculating  these  data,  in  many  cases  the 
original  data  were  coded  so  that  all  might  be  included  in  10  classes; 
this  was  done  so  that  the  calculations  could  be  made  on  sorting  and 
tabulating  machines.  Because  of  this  grouping  many  of  the  coeffi- 
cients of  correlation  are  smaller  than  they  would  have  been  had  the 
original  grouping  been  retained.  In  several  cases  calculations  were 
made  by  both  methods;  the  difference  in  results  was  in  some  cases 
as  much  as  5  per  cent.  In  no  case  is  this  difference  sufficient  to 
invalidate  the  results,  and,  in  fact,  the  results  obtained  from  coding 
into  10  groups  are  somewhat  safer,  since  they  tend  to  give  a  smaller 
correlation. 

Many  of  the  coefficients  of  correlation  shown  in  Tables  2  and  5 
have  no  direct  bearing  upon  the  problem,  and  therefore  are  not  dis- 
cussed in  this  bulletin.  They  are  given,  however,  to  the  end  that 
partial  correlations  between  any  combination  of  factors  may  be  cal- 
culated. It  will  be  seen  that  high  correlations  may  exists  between 
variables  having  no  direct  relationship.  In  Table  2,  for  example, 
there  is  a  coefficient  of  correlation  of  .5510  between  the  net  gain  and 
the  average  temperature  of  the  nig.it  following.  Obviously  the  tem- 
perature of  the  night  can  not  affect  the  preceding  day's  gain;  the 
correlation  exists,  nevertheless,  owing  to  the  combination  of  influences 
of  the  causative  factors  upon  both  the  net  gain  and  the  temperature 
on  the  following  night. 

METHOD  OF  PRESENTING  DATA 

The  graph  in  Figure  2  represents  the  manner  in  which  the  changes 
in  colony  weight  during  the  24  hours  are  classified  to  secure  tangible 
and  significant  figures  as  a  basis  for  all  calculations.  A  is  a  fixed 
point  which,  on  the  vertical  scale,  represents  the  weight  of  the  colony 
at  5  a.  m.  each  day  in  th^  month  of  May.  Loss  of  weight  caused  by 
departure  of  bees  for  the  field  begins  at  about  this  hour,  sometimes 
earlier  and  sometimes  later,  but  a  weight  taken  at  5  o'clock  constitutes 
a  suitable  average,  since  4  o'clock  is  too  early  and  6  o'clock  is  too 
late  for  such  a  start.  For  the  fall  honey  flow  the  whole  graph  is  shifted 
one  hour  later,  to  adapt  it  to  the  shorter  days,  placing  A  at  6  o'clock. 
B  is  at  the  point  denoting  the  lowest  weight  reached  during  the 
day  and  the  hour  at  which  this  occurs.  Although  it  may  ( ccur 
either  in  the  morning  or  in  the  afternoon,  the  diminution  in  weight 
from  A  to  B  is  called  the  morning  loss,  because  this  loss  always  pre- 
cedes the  day's  gain  in  weight.  This  morning  loss  is  due  to  the  bees 
leaving  the  hive  in  flight.  Morning  loss  may  be  graphically  repre- 
sented by  a  vertical  line  equal  on  the  scale  chosen  to  the  diminution 
in  weight,  and  will  throughout  this  bulletin  be  designated  by  this  name. 
C  represents  in  b  th  weight  and  time  the  point  at  which  the  colony 
regains  its  original  morning  weight.  D  represents  in  weight  and  time 
the  turning  point  at  which  the  colony  has  ceased  to  gain  and  begins 
to  lose  weight.  The  net  gain  for  the  day  is  therefore  represented  by 
a  vertical  line  equal  according  to  the  scale  to  the  difference  in  weight 
between  the  early  morning  reading  (at  A)  and  the  weight  reading  at  D. 
The  latter  point  has  not  necessarily  a  fixed  hour.  The  vertical 
distance  between  th.3  weight  coordinates  of  D  and  of  E  represents  the 
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nocturnal  loss  due  to  evaporation  and  consumption  for  colony  main- 
tenance. Eis,  of  course,  located  on  the  time  scale  24  hours  after  A,  and 
becomes  the  starting  point  (A)  for  the  following  day.  The  only 
two  points  which  are  fixed  with  regard  to  time  are  therefore  A  and  E. 
In  all  diagrams  except  Figure  2  the  base  line  is  drawn,  not  from  the 
point  denoting  the  weight  at  the  starting  point  (A),  but  from  a  zero 
point  rais?d  by  an  amount  equal  to  the  loss  in  weight  between  4  and 
5  (or,  in  the  fall,  5  and  6)  o'  lock.  This  is  done  to  show  more  clearly 
in  the  graphs  the  time  when  loss  of  weight  of  the  hive  actually  begins, 
as  the  baes  begin  flying  in  the  morning.  Calculations  of  all  dafa 
were,  however,  based  on  zer.)  at  the  point  A  (actual  weight  a  5  or  6 
o'clock).  Nowhere  in  the  calculati  ns  can  allowance  D3  made  for 
consumption  for  colony  maintenance,  which  remains  an  unknown 
factor.  Th?  gai  s  during  the  day  would  be  more,  and  the  evapora- 
tion loss  at  night  w  >uld  be  less,  if  this  factor  could  be  known. 

The  name  "midday  decline"  is  given  to  the  decline  in  the  amount 
ofjgain  from  hour  to  hour  occurring  near  midday.     Although  gains 
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Fig.  2.— Division  of  changes  in  the  weight  of  a  colony  of  bees 


are  actually  taking  place  during  this  period  on  most  days,  there  is  a 
noticeable  difference  in  the  rate  of  gain  at  this  time  as  compared 
with  that  of  the  hours  immediately  before  and  after. 

The  24  hours  of  the  day  are  divided  into  diurnal  and  nocturnal 
periods,  and  the  designations  a.  m.  and  p.  m.  are  not  used,  since 
they  have  no  biological  significance.  The  differentiation  of  diurnal 
from  nocturnal  in  this  discussion  is  dependent  upon  the  activity  of 
the  bees  and  not  on  light  or  darkness.  The  diurnal  period  ends  and 
the  nocturnal  period  commences  when  the  weight  of  the  colony 
ceases  gaining,  toward  the  close  of  the  day,  and  the  diurnal  period 
begins,  not  necessarily  at  dawn,  but  at  the  hour  when  bee  activity 
outside  the  hive  becomes  noticeable.  Obviously,  flight  in  the 
afternoons  may  be  prevented  or  reduced  by  rain  or  inclement 
weather;  and,  to  prevent  the  necessity  of  discarding  data  obtained 
on  such  days,  the  point  D  is  located  in  the  calculation  of  the  data 
for  1922  at  the  time  when  bees  cease  gaining  and  begin  to  lose  on 
the  days  immediately  preceding  and  following  the  days  in  question, 

42201—25 2 
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Fig.  3— Graphs  indicating  changes  of  weight  in  colony  AB,  May  22,  1922.    The  solid  line  shows  the 
cumulative  weights;  the  shaded  areas  the  variations  in  weight  from  hour  to  hour 


WEATHER  AND   CHANGE   IN   WEIGHT   OF   BEE   COLONY  11 

thus  making  the  diurnal  and  nocturnal  periods  of  approximately 
equal  length  for  all  days  studied  for  that  year.  This  change  was 
necessitated  by  the  errors  in  weight  due  to  water  standing  on  the 
hives  that  year,  as  previously  explained.  In  calculating  the  data 
for  1923  such  a  shifting  of  D  was  unnecessary^,  since  the  two  hives 
used  that  year  were  under  cover  and  no  water  stood  on  them. 
When  rain  interfered  with  flight  during  midday,  and  flight  was  later 
resumed,  the  point  D  takes  its  natural  place  at  the  close  of  flight 
activity  for  the  day. 

A  graphic  representation  of  changes  in  weight  for  a  period  of  24 
hours  is  given  in  Figure  3.  Either  of  two  methods  may  be  employed, 
both  being  shown  in  this  graph.  The  heavy  dark  line  represents 
cumulative  gains  and  losses  in  weight,  while  the  shaded  portion 
shows  differences  in  weight  from  hour  to  hour.  In  case  of  the 
shaded  portion  that  part  above  the  base  line  (shown  as  AF  m  fig.  2) 
is  increase  in  weight  and  that  below  is  decrease.  It  is  readily  seen 
that  the  shaded  portion  of  the  graph  is  more  important  than  the 
line  showing  cumulative  gain,  since  it  magnifies  small  changes  in  the 
rate  of  gain  or  loss  which  might  otherwise  not  be  observed.  For  this 
reason  the  method  showing  differences  in  weight  from  hour  to  hour 
has  been  used  in  all  graphs  except  those  showing  the  net  gain.  In 
certain  graphs  both  methods  are  used  for  greater  clearness  of  differ- 
ences. The  effects  of  the  various  weather  factors  upon  the  hive- 
weight  changes  in  the  spring  and  fall  are  so  different  that  these  two 
periods  must  be  considered  separately. 

COMPARISON  OF  CHANGES  IN  WEIGHT  OF  TWO  COLONIES  OF  BEES 

Beekeepers  often  assume  great  differences  in  the  gathering  ability 
of  colonies  of  bees  in  the  same  apiary  and  under  exactly  similar  ex- 
ternal conditions.  In  the  interpretation  of  the  data  obtained  in  this 
investigation  it  might  be  assumed  that  the  colonies  used  were  either 
unusually  good  or  unusually  poor  at  gathering  nectar  and  pollen.  In 
order  to  show  that  in  the  following  calculations  the  individual  char- 
acteristics of  the  colonies  play  a  very  minor  role,  it  seems  best  at  this 
point  to  insert  a  correlation  of  the  changes  in  weight  of  the  two  col- 
onies used  in  1923.  There  is,  in  fact,  little  reason  to  believe  that 
such  differences  in  colonies  as  have  been  assumed  by  many  beekeepers 
actually  are  important  in  considering  the  differences  in  honey  crops 
obtained  by  various  colonies  in  an  apiary,  and  this  is  especially  the 
case  when  observations  are  confined  to  a  single  race  of  bees,  as  was 
true  in  this  experiment.  When  differences  in  the  total  acquisition 
of  adjacent  colonies  of  bees  are  noted,  they  must  in  most  cases  be 
attributed  to  differences  in  manipulation  or  care  of  the  colonies,  or 
to  tendencies  to  retard  gathering  in  certain  cases  because  of  crowd- 
ing, or  to  a  dominance  of  the  swarming  instinct,  rather  than  to  propen- 
sities for  heavy  or  light  gathering  by  the  individual  bees.  Obviously, 
in  the  case  of  poor  queens  which  are  unable  to  keep  up  the  population 
of  their  colonies  there  will  be  a  reduction  in  the  accumulation  of  stores 


12 


BULLETIN   1339,   U.    S.   DEPARTMENT   OF  AGRICULTURE 


of  the  colonies  headed  by  such  queens,  merely  because  of  lack  of  suffi- 
cient bees;^but  this  does  not  indicate  any  reduction  in  the  propensities 
to  gather  of  the  individual  bees.  Merrill  (24)  reaches  the  same  conclu- 
sion in  his  study  of  changes  in  colony  weight.  Whatever  slight  dif- 
ferences occur  in  the  propensity  of  individual  bees  or  colonies  of  bees 
to  gather  nectar  and  ripen  honey  are  presumably  due  to  actual  anatom- 
ical differences  rather  than  to  marked  differences  in  instinctive  activ- 
ities. 

Table  1  gives  the  hourly  changes  in  weight  of  colonies  1  and  2  for 
13  consecutive  days  in  1923.  The  two  colonies  respond  to  external 
stimuli  with  remarkable  similarity  hour  by  hour.     Every  break  in 
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Fig.  4.— Hourly  changes  in  weight  of  colonies  1  and  2,  May  21  and  22, 1923.  The  shaded  portion  represents 
the  gains  and  losses  of  colony  1  superimposed  on  those  of  colony  2.  The  black  areas  show  the  excess  of 
the  gain  or  loss  of  colony  2  over  that  of  colony  1.     (From  Table  1.) 

the  weight  graph  of  one  colony  is  almost  exactly  duplicated  in  that 
of  the  other.  Figure  4  represents  graphically  the  weights  of  colony 
1  superimposed  on  those  of  colony  2  for  May  1  and  May  22.  The 
hourly  differences  in  weight  between  the  two  are  practically  identical. 
So  far  as  the  amount  of  gain  is  concerned,  colony  2  is  the  stronger, 
but  the  two  behave  almost  the  same  from  hour  to  hour.  Figure  5  rep- 
resents the  average  changes  in  weight  hour  by  hour  for  the  three 
colonies  (one  in  1922  and  two  in  1923)  during  the  May  honey  flow. 
The  similarity  of  these  changes  in  weight  of  the  three  colonies  is 
strikingly  apparent,  despite  the  fact  that  the  data  of  colony  AB  were 
collected  in  May,  1922,  and  those  of  colonies  1  and  2  in  May,  1923. 
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W     Table.  1. — Hourly  changes  in  weight,  in  grams,  colonies  1  and  2,  May  IS  to  30, 
1923 


Col- 

! 

Date 

ony 

5 

6 

7 

8 

9 

10 

ii  ! 

12 

1 

2 

3 

4 

num- 
ber 

a.  m. 

a.  m. 

a.  m. 

a.  m. 

a.  m. 

a.  m. 

a.  m.| 

| 

m. 

p.  m. 

p.  m. 

p.  m. 

p.  m. 

Mav  18 

1 
2 

-20 
-40 

-40 
-30 

-150 
-180 

140 
-160 

250 
390 

270 
420 

290 
360 

230 
300 

50 
80 

330 
490 

150 
280 

400 

Do 

560 

Mav  J9 

I 

-60 
-40 

-30 
-40 

-80 
-110 

-200 
-210 

-130 
-190 

80 
140 

320  i 
330  1 

280 
330 

170 
130 

210 
340 

370 
480 

350 

Do.... 

420 

Mav  20 

1 
2 
1 

-70 
-80 

-70 

-60 

-100 
-70 

-90 

-100 

-50 

-180 
-190 
-80 

0 

90 

-280 

250 
300 

-40 

280 
300  ' 

380  ; 

430 
460 
370 

310 
590 
400 

220 
80 
270 

310 
460 
330 

760 

Do 

940 

May  21 

770 

Do ._ 

2 

-70 

-70 

-50 

-90 

-280 

-30 

460  ! 

440 

460 

170 

530 

920 

May  22 

1 

-80 

-80 

-70 

-160 

-200 

100 

90  ; 

340 

350 

220 

260 

470 

Do 

2 

-90 

-90 

-80 

-170 

-250 

150 

220 

370 

390 

300 

320 

540 

May  23 

1 

-50 

-60 

-70 

-80 

-220 

230 

-90 

280 

390 

320 

-60 

-10 

Do 

2 

-60 

-70 

-80 

-80 

-230 

300 

90  ! 

330 

370 

340 

-80 

-90 

May  24 

1 

9 

-30 
-40 

-30 
-40 

-50 
-60 

-70 
-50 

-110 
0 

140 
1.50 

360  j 
510  I 

330 
370 

0 
80 

400 
430 

430 
510 

450 

Do 

510 

Mav  25.. 

1 

-60 

-30 

-60 

-120 

170 

450 

340  j 

370 

120 

140 

250 

480 

Do 

2 

-60 

-50 

-60 

0 

150 

490 

400  I 

430 

140 

290 

330 

700 

Mav  26 

1 
2 

-50 
-60 

-60 
-80 

-80 
-50 

50 
140 

170 
190 

330 
330 

530  i 

450  ! 

290 
380 

120 

60 

30 
190 

240 
450 

500 

Do __ 

660 

May  27 

1 

-50 

-50 

-20 

220 

230 

350 

370 

330 

360 

100 

290 

480 

Do 

2 

-70 

-70 

50 

340 

200 

340 

410 

370 

240 

30 

420 

560 

May  28 

1 

-60 

-50 

-50 

-60 

20 

130 

270 

300 

520 

100 

170 

580 

Do 

2 

-60 

-70 

-70 

-30 

50 

130 

280  ! 

250 

400 

-40 

250 

660 

May  29 

1 

-70 

-50 

-30 

130 

190 

300 

370  j 

360 

390 

140 

230 

540 

Do 

2 

-80 

-80 

10 

210 

150 

210 

240  i 

370 

300 

50 

120 

650 

Mav  30 

1 

9 

-70 
-60 

-70 
-60 

-70 
-80 

-80 
-40 

-50 
-330 

-60 
150 

40 
30  j 

30 
140 

200 
190 

180 

180 

130 
100 

230 

Do 

190 

Date 


Col- 
ony 
num 
ber 


May  18 

Do 

May  19 

Do 

Mav  20 

Do 

May  21 

Do_ 

Mav  22 

Do 

May  23 

Do 

May  24 

Do 

May  25 

Do 

May  26 

Do 

May  27 

Do 

May  28 

Do 

Mav  29 

Do 

May  30 

Do 


p.  m. 


470 


470 
370 
270 
290 
250 
490 
530 
140 
180 
460 
550 
400 
580 
400 
550 
400 
410 
560 
610 
690 
580 
520 
440 


p.  m. 


210 

3(>0 
590 
710 
-130 
,-130 
350 
430 
I  240 
i  310 
90 
160 
370 
560 
400 
560 
480 
640 
520 
540 
750 
760 
680 
580 
710 
620 
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The  coefficient  of  correlation  of  the  changes  in  weight  between 
colony  1  and  colony  2  for  the  diurnal  hours  from  6  a.  m.  to  7  p.m., 
inclusive,  based  on  277  hours,  is  .9076 ±.0071.  The  coefficient  of 
correlation  for  the  nocturnal  hours,  8  p.  m.  to  5  a.m.,  inclusive,  based 
on  190  hours,  is  .8938  ±  .0098.  The  correlations  are  high,  and  have 
an  insignificant  probable  error,  indicating  that  the  activity  in  both 
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colonies  was  chiefly  determined  by  factors  other  than  internal  ones. 
The  differences  observed  between  these  two  colonies  were  almost  ex- 
clusively the  actual  differences  of  loss  or  gain,  and  the  most  probable 
explanation  of  these  differences  is  to  be  found  in  the  presumably 
smaller  number  of  bees  in  colony  1.  Actual  counts  of  the  bees  of 
the  two  colonies  could  not  be  taken  without  vitiating  the  experiment. 
If  any  structural  difference  existed  between  the  bees  of  the  two  col- 
onies (as  assumed  by  Merrill  in  his  work) ,  this  was  not  determined, 
and  with  such  high  correlations  as  occur  in  the  changes  in  weight  of 
these  two  colonies  such  an  explanation  seems  improbable.  The  high 
correlations  do  not  indicate  that  any  important  internal  difference, 
as  in  the  condition  of  the  queen,  or  the  age  of  the  bees,  existed  be- 
tween the  colonies.  If  there  had  been  such  differences  so  high  a 
correlation  would  not  have  existed.  It  must  be  kept  in  mind  that 
both  colonies  were  amply  supplied  with  storage  and  evaporating  space. 
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Fig  5.— Graphs  of  the  average  variations,  hour  by  hour,  in  the  weight  of  Colonies  1,  2,  and  AB  for  the 
May  honey  flow.    Note  the  minimum  of  the  midday  decline  at  2  o'clock  for  the  three  colonies 

If  one  of  the  colonies  had  been  crowded  for  space,  and  this  had  inter- 
fered with  the  work  of  gathering,  undoubtedly  the  coefficient  of 
correlation  would  have  been  smaller. 

An  examination  of  these  data  indicates  that  the  field  forces  of  the 
two  colonies  were  working  at  approximately  maximum  efficiency. 
The  two  colonies  gathered  a  total  crop  for  the  year  1923  which  com- 
pares favorably  with  that  of  any  other  colonies  kept  in  the  general 
focalitv.  An  examination  of  the  striking  similarity  of  the  changes 
in  weight  of  the  two  colonies  at  the  time  when  both  regained  their 
morning  weight  and  at  the  time  of  the  midday  decline  of  increase  in 
weight  strongly  suggests  that  both  colonies  were  gathering  all  the 
nectar  which  was  available  for  them,  in  proportion  to  the  number  of 
bees  available  in  each  for  field  activity.  This  similarity  is  brought 
out  much  more  clearlv  in  the  averages  for  the  entire  May  honey  flow 
(fig.  5)  than  in  those  for  individual  days  (Table  1),  since  toward  the 
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close  of  the  honey  flow  colony  1  was  apparently  increasing  in  numbers 
more  rapidly  than  colony  2.  If  it  is  assumed  that  both  colonies 
were  working  at  almost  maximum  efficiency,  the  midday  decline  in 
the  rate  of  increase  in  weight  to  some  extent  agrees  with  Bonnier's 
statements  (1)  that  less  nectar  is  available  early  in  the  afternoon 
than  earlier  or  later.  Unless  there  exists  some  unknown  influence  on 
bee  behavior  at  the  time  of  the  midday  decline,  it  must  be  believed 
that  the  reduction  in  the  rate  of  the  increase  in  weight  at  this  time  is 
due  to  a  reduction  in  the  amount  of  nectar  in  the  honey  plants. 
Surrounding  the  Bee  Culture  Laboratory  there  is  a  vast  acreage  of 
tuliptrees,  and  there  are  comparatively  few  bees  in  the  neighborhood 
other  than  those  of  the  bureau  apiary.  Bonnier's  assertion  that  bees 
carry  partial  loads  of  nectar  when  nectar  is  scarce  is  thus  more  prob- 
able, although  the  explanation  may  lie  in  the  necessity  for  trips  of 
longer  duration  at  this  time.  There  is  no  reason  to  believe  that  the 
bees  actually  gathered  every  drop  of  nectar  available  in  the  neigh- 
borhood at  the  time  of  this  decline. 

THE  SPRING  PERIOD 

As  has  been  stated,  the  data  used  in  a  consideration  of  the  spring 
and  fall  honey-flow  periods  are  not  entirely  comparable,  since  for  the 
spring  honey  flow  the  only  records  used  are  those  for  days  which 
show  a  net  gain  of  at  least  980  grams,  whereas  in  the  case  of  the  fall 
honey  flow  the  record  for  every  day  from  September  4  to  October  5 
is  used.  Furthermore,  the  spring  honey  flow  is  much  more  intense 
in  the  vicinity  of  the  laboratory  than  is  that  of  the  fall.  For  these 
reasons  it  seems  best  to  consider  the  two  periods  separately.  In  the 
discussion  immediately  following,  the  various  phases  of  the  changes 
of  weight  during  the  day  are  taken  up  for  the  spring  period,  covering 
the  time  when  the  tuliptree  was  in  bloom. 

MORNING  LOSS 

Figure  3  illustrates  the  changes  in  weight  during  a  typical  day  of 
the  spring  honey  flow.  In  this  case  the  morning  loss  is  small  and 
covers  the  time  from  5  a.  m.  to  7  a.  m.,  the  majority  of  this  loss 
occurring  during  the  last  hour.  Usually  the  morning  loss  is  quite 
small  and  rarely  continues  more  than  three  or  four  hours.  The 
amount  and  duration  of  the  morning  loss  undoubtedly  depend  largely 
upon  the  proximity  of  nectar-producing  plants  and  the  abundance  of 
their  secretion,  and  upon  weather  factors  prevailing  at  this  time  of 
the  day.  On  some  days  the  morning  loss  is  negligible  and  scarcely 
distinguishable  from  the  nocturnal  loss,  as  on  May  27  and  29,  1923 
(fig.  6,  b).  The  bees  began  to  return  to  the  hive  almost  immediately 
on  these  days,  and  thus  with  their  increased  weight  more  than  com- 
pensated for  the  loss  during  the  early  morning  hours.  It  is  quite 
evident  that  on  such  days  nectar  was  abundant  and  within  easy 
reach  of  the  bees. 

The  coefficient  of  correlation  between  morning  loss  and  net  gain  is 
—  .6350 ±.0652.  This  indicates  that  the  smaller  the  morning  loss 
the  greater  the  resulting  gain,  and  emphasizes  the  importance  of 
locating  an  apiary  as  near  as  possible  to  the  principal  sources  of  nec- 
tar. The  significance  of  morning  loss  will  oecome  more  apparent 
later,  in  the  consideration  of  the  fall  period. 


16 


BULLETIN   1339,   U.    S.   DEPARTMENT   OF   AGRICULTURE 


j*£L 


+600 
+  SOO 
+400 
+  <300 
+  200 

+/oo 

O 
-/OO 
-ZOO 


f IG.  6  (a). 


-Daily  graphs  for  six  consecutive  days  of  colony 

Table  1) 


2,  showing  hourly  changes  in  weight  (see 
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-Daily  graphs  for  seven  consecutive  days  of  colony  2,  following  thoj 
hourly  changes  in  weight  (see  Table  1) 
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MIDDAY  DECLINE  IN  RATE  OF  GAIN 


During  the  period  of  spring  honey  flow,  after  the  morning  loss  in 
weight  has  ceased,  which  may  occur  at  any  time  between  6.30  and 
10  a.  m.  (the  average  hour  for  1922  was  8  a.m.,  and  for  1923  9  a.  m.), 
the  colony  increases  in  weight  with  a  more  or  less  regular  accelera- 
tion until  midday.  At  this  time  a  decided  slackening  usually  occurs 
in  the  rapidity  of  gain  in  weight.  This  change  in  rate  of  gain  is  sur- 
prisingly constant  in  the  time  of  its  appearance  and  can  be  distin- 
guished during  practically  the  whole  of  the  spring  honey  flow.  The 
minimum  rate  of  gain  in  weight,  after  gains  have  been  established 
in  the  morning,  usually  comes  at  about  1  or  2  o'^ock  in  the  after- 
noon. On  some  days  this  decrease  in  rate  of  gain  is  decided,  while 
on  other  days  it  is  scarcely  noticeable.  When  actual  changes  in 
weights  are  plotted  this  midday  decrease  in  rapidity  of  gain  can 
scarcely  be  seen,  but  when  the  data  are  plotted  so  as  to  show  differ- 
ences in  weight  from  hour  to  hour  it  becomes  quite  obvious  (figs. 
3,  7,  8). 

The  cause  of  this  change  in  rate  of  gain  at  midday  is  not  entirely 
clear.  Dufour  (10)  in  his  records  mentions  a  similar  phenomenon, 
and  Bonnier  (1,  p.  163)  connects  a  decrease  in  the  amount  of  available 
nectar  with  low  relative  humidity  and  high  temperatures  prevailing  at 
the  same  time  of  day.  Bonnier  measured  the  amount  of  nectar  pro- 
duced at  various  hours  and  found  that  less  nectar  is  produced  toward 
the  middle  of  the  day,  when  high  temperatures  and  low  relative  humid- 
ities are  usually  encountered.  He  further  found  that  at  this  time 
bees  return  to  the  hive  with  less  than  their  maximum  loads,  and  that 
fewer  bees  leave  the  hive  for  the  field  during  this  midday  period, 
in  comparison  with  periods  before  and  after.  Either  of  these  two 
facts  might  be  sufficient  to  account  for  the  midday  decline  in  rate  of 
gain. 

Figure  5,  as  stated,  shows  the  average  hourly  changes  in  weight  for 
colonies  1,  2,  and  AB  for  the  spring  honey  flow.  The  similarity  in  the 
graphs  for  colonies  1  and  2  is  not  surprising,  since  these  colonies  were 
side  by  side  and  each  was  stimulated  by  exactly  the  same  outside 
factors.  The  graph  for  colony  AB,  however,  represents  the  changes 
for  a  colony  one  year  earlier,  but  it  closely  follows  the  others.  The 
midday  decline  in  rate  of  gain  is  prominent  in  all  three,  and,  although 
differing  in  magnitude,  the  three  are  intimately  similar  from  hour  to 
hour.  The  graphs  for  average  temperature,  relative  humidity,  and 
hours  of  sunshine  bear  no  visible  relation  to  the  break  in  the  three 
graphs  showing  gain  and  loss.  The  maximum  temperatures  for  both 
years  come  later  in  the  day  than  the  midday  decline,  and  the  minimum 
relative  humidity  occurs  at  an  hour  slightly  preceding.  Until  further 
investigations  are  made,  Bonnier's  (1,  p.  164)  observation  of  decreased 
nectar  secretion  on  the  part  of  the  plant  and  the  resulting  effect  on 
bee  behavior  must  be  accepted  as  the  most  logical  explanation  of 
this  phenomenon,  although  the  reasons  which  he  gives  for  these 
changes  on  the  part  of  the  plants  and  the  bees  do  not  seem  entirely 
satisfactory. 

NET  GAIN 

The  midday  decline  in  rate  of  gain  is  included  as  part  of  the  net 
gain,  since  an  actual  loss  rarely  occurs  at  this  time  during  a  good 
honey  flow.     The  13  graphs  in  Figure  6,  for  as  many  days,  show 
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sharply  how  decidedly  the  midday  decline  reduces  the  amount  of  net 
gain.  If  the  gaps  caused  by  the  midday  decline  were  bridged  the  net 
gains  would  be  appreciably  larger.  By  theoretically  bridging  together 
the  two  peaks  of  the  graphs  of  hourly  gain,  and  thus  eliminating  the 
midday  decline  in  rate  of  gain,  the  net  gain  for  colony  AB  is  increased 
15.72  per  cent.  The  net  gains  of  colonies  1  and  2  are  similarly 
increased  16.35  per  cent  and  16.95  per  cent,  respectively,  so  that  in 
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Fio.  7.— Graphs  of  average  hourly  weight  changes,  temperature,  relative  humidity,  and  total  hours  of 
sunshine.    Colony  AB,  spring  period 

the  years  recorded  the  midday  decline  caused  a  loss  of  from  15  to  16 
per  cent  in  the  net  gain  for  the  day. 

Actual  gains  in  weight  do  not  occur  immediately  after  the  sun 
rises,  but  they  do  cease  almost  as  soon  as  the  sun  goes  down,  as 
shown  in  Figures  7  and  8.  Although  bees  make  actual  gains  in  hours 
recorded  as  cloudy,  it  is  interesting  to  note  that  in  1922  the  actual 
hours  of  sunshine  during  the  spring  honey  flow  totaled  124.4,  while 
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increases  in  weight  were  recorded  during  136.4  hours.  In  May,  1923, 
during  the  honey  flow  there  were  138.5  hours  of  sunshine,  while  colony 
2  made  gains  during  137.5  hours.  The  similarity  between  the  hours 
of  sunshine  and  hours  in  which  gains  were  made  are  somewhat  of  a 
coincidence,  for,  as  stated,  gains  are  sometimes  made  in  cloudy  hours 
and  gains  are  not  made  in  all  hours  of  sunshine.  The  effect  of  sun- 
shine upon  net  gain  will  be  discussed  later  (p.  36). 
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Fig.  8.— Graphs  of  average  hourly  weight  changes,  temperature,  relative  humidity,  and  total  hours  of 
sunshine.    Colony  2,  spring  period 

The  temperature  at  the  time  when  the  colony  ceases  to  gain  in 
weight  at  the  close  of  the  day  (figs.  7  and  8)  is  well  above  that  at 
which  bees  are  able  to  engage  in  effective  outside  work.  This  is 
shown  by  the  fact  that  the  average  temperatures  at  the  time  of  the 
morning  loss,  due  to  flights,  are  much  lower  than  the  temperatures 
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at  the  time  that  flights  cease.  The  daily  gains  generally  end  abruptly, 
a  fact  suggesting  that  the  bees  do  not  desert  the  field  at  this  time  for 
lack  of  nectar. 

NOCTURNAL  LOSS 

The  nocturnal  loss  is  calculated  from  the  time  that  gain  ceases 
until  the  bees  leave  for  the  field  the  following  morning  (fig.  2,  D-E). 
Nocturnal  loss  is  largely  the  result  of  the  evaporation  of  water  which 
is  given  off  in  the  process  of  ripening  honey.  In  this  regard,  noctur- 
nal loss  bears  an  intimate  relation  to  the  net  gain. 

The  coefficient  of  correlation  between  noctural  loss  immediately 
following  the  day's  gain  and  the  net  gain  is  .4112 ±.0909.  The 
correlation  of  the  diurnal  gain  with  the  loss  of  the  second  night 
following  is  much  less,  being  .1890 ±.1099.  In  the  second  instance 
the  coefficient  of  correlation  is  not  twice  its  probable  error,  and  so 
can  not  be  considered  as  especially  significant.  This  would  indicate 
that  the  greater  part  of  the  necessary  evaporation  is  accomplished 
during  the  first  night  and  that  little  is  left  over  until  the  following 
night.  Evaporation  naturally  begins  almost  as  soon  as  nectar  is 
gathered,  and  therefore  occurs  during  the  day  of  gathering  and  pro- 
bably during  the  following  day,  but  in  neither  case  is  it  possible  to 
determine  the  amount  of  evaporation  by  day  from  a  record  of  colony 
weights. 

In  1923,  colony  1,  from  May  18  to  May  30,  lost  during  the  nights 
25.29  per  cent  of  the  total  amount  gained.  Colony  2  in  the  same 
period  lost  24.69  per  cent  of  the  total  gain.  For  11  days  in  May, 
1922,  colony  AB  lost  during  the  nights  17.85  per  cent  of  the  total  gain. 
This  lower  percentage  of  loss  in  1922  may  have  been  occasioned  by 
the  character  of  the  nectar  collected,  since  considerable  locust  honey 
was  available.  It  is  also  well  known  that  the  water  content  of  nectar 
varies  from  year  to  year  with  different  varieties  of  plants  and  with 
climatic  factors.  A  calculation  of  Dufour's  (11)  data  shows  a  loss 
of  26.16  per  cent  for  14  consecutive  nights  in  May  and  June,  when 
the  minimum  net  gain  was  970  grams,  and  the  coefficient  of  correla- 
tion between  net  gain  and  nocturnal  loss  for  this  period  is  found  to 
be  .6663 ±.1002.  Maujean  (23)  found  a  nocturnal  loss  of  22.53  per 
cent  of  the  net  gain  during  the  honey  flow  of  1905,  and  a  loss  of  27.40 
per  cent  during  that  of  1904.  A  calculation  of  Maujean's  data  shows 
a  coefficient  of  correlation  of  .7868 ±.0411  between  the  net  gain  and 
the  following  night's  loss,  a  correlation  of  .5319 ±.0795  between  the 
daily  net  gain  and  the  loss  of  the  second  night  following  the  day  con- 
cerned, and  of  .2813 ±.1035  between  net  gain  and  the  loss  of  the 
third  night  following.  These  results  would  indicate  that  in  this 
particular  instance  evaporation  was  practically  complete  by  the  end 
of  the  third  night;  a  much  slower  evaporation  than  seems  to  have 
occured  in  the  present  investigation.  Hommell  (18)  states  that  ac- 
cording to  Sylviac  seven  days  is  the  minimum  observed  time  required 
to  change  nectar  completely  to  the  consistency  of  honey;  he  thinks, 
however,  that  seven  days  is  entirely  too  long  for  this  minimum  period, 
and  points  out  that  de  Layens  long  ago  discovered  that  in  warm  and 
dry  weather  nectar  may  be  of  such  consistency  as  to  permit  almost 
immediate  capping  by  the  bees.  Hommell  points  out  that  Huillon 
likewise  gives  a  much  shorter  period  for  the  completion  of  evapora- 
tion, and  states  that  beekeepers  can  remove  honey  during  the  morn- 
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ing  following  a  heavy  honey  flow  without  much  danger  that  the  honey 
will  be  too  thin,  since  the  greater  part  of  the  evaporation  takes  place 
during  the  first  night. 

The  strength  of  the  colony  must  likewise  be  an  important  factor 
in  the  rate  of  evaporation.  While  it  is  true  that  a  weak  colony 
collects  less  nectar  than  a  strong  one,  it  does  not  follow  that  the 
efficiency  of  the  two  colonies  is  proportional  to  their  strength. 

In  studying  the  correlations  in  Table  2  it  is  seen  that  the  external 
factors  have  but  little  influence  on  nocturnal  loss.  If  there  existed 
a  strong  internal  individual  influence  in  either  one  of  these  colonies, 
one  would  not  expect  such  a  high  correlation  between  the  nocturnal 
losses  of  colonies  1  and  2  (.8938,  see  p.  13).  If  external  factors  are 
important  so  far  as  nocturnal  loss  is  concerned  they  must  be  other 
than  temperature,  temperature  variation,  relative  humidity,  or 
variation  of  relative  humidity.  Again  the  need  for  strong  colonies 
is  apparent.  Weather  conditions  at  night  undoubtedly  influence 
weak  colonies  to  a  greater  extent  than  they  do  strong  ones.  Phillips 
and  Demuth  (SO)  in  their  wintering  experiments  have  shown  the 
detrimental  effect  of  low  temperatures  upon  weakened  colonies, 
while  strong  colonies  reacted  normally  to  the  same  temperatures, 
if  we  take  the  survival  of  strong  cokxnies  and  the  death  of  weak  ones 
as  a  criterion  for  differences  in  normal  behavior. 

THE  FALL  PERIOD 

The  data  upon  which  the  calculations  for  this  period  are  based 
were  secured  from  September  4  to  October  5,  1922,  during  the 
period  of  the  fall  honey  flow.  No  criterion  for  minimum  gain  was 
used  in  selecting  the  day  to  be  correlated,  and  all  days  irrespective 
of  gain  or  loss  are  included  in  the  calculations.  For  this  reason  the 
figures  can  not  be  compared  directly  with  those  of  the  spring  period, 
when  only  days  having  a  minimum  of  980  grams  were  selected.  In 
studying  the  figures  representing  days  of  the  fall  period,  it  will  be 
seen  that  the  graphic  presentations  of  hive  weights  are  more  signifi- 
cant than  graphs  showing  the  difference  in  weight  from  hour  to 
hour.  As  in  tne  analysis  of  the  hourly  weight  changes  of  the  spring 
period,  weather  factors,  as  they  affect  changes  of  weight  in  the  fall, 
will  be  postponed  for  later  discussion. 

MORNING  LOSS 

The  relation  of  morning  loss  to  net  gain  appears  to  be  the  reverse 
of  what  it  is  during  the  spring  period.  The  correlation  between 
morning  loss  and  net  gain  is  .5769  ±  .0825,  so  that  not  only  is  the 
correlation  between  these  two  factors  numerically  greater  than  it  is 
in  the  spring,  but  it  is  positive  rather  than  negative.  The  morning 
losses  generally  were  heavy,  being  from  390  to  1,690  grams.  The 
morning  loss  is  primarily  brought  about  by  the  rapid  exit  of  bees,  as 
undoubtedly  the  returning  bees  with  their  loads  of  nectar  more  than 
make  up  fof  the  loss  due  to  the  consumption  of  stores  for  maintenance 
of  the  colony,  which  constitutes  a  steady  loss  at  all  times.  The 
duration  of  these  losses  varied  from  four  to  nine  hours,  and  often 
equally  as  long  a  time  would  be  required  for  the  colony  to  regain 
its  original  weight  of  the  early  morning,  this  in  turn  leaving  only 
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Fig.  9.— Hourly  changes  in  weight  of  colony  B;  A,  September  23,  B,  September  25,  1922 
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a  few  hours  at  the  close  of  the  day  for  the  accumulation  of  net 
gain. 

On  September  25,  1922,  colony  B  sustained  the  maximum  morn- 
ing loss  of  the  season  (fig.  9).  The  energy  expended  by  the  bees 
on  this  day,  from  the  beekeeper's  point  of  view,  was  misappropriated 
since  the  result  of  the  day's  labor  netted  the  colony  a  loss  of  255 
grams.  The  weather  of  this  day  was  ideal  in  every  respect,  and  the 
bees  evidently  searched  for  nectar  but  found  little  or  none.  The 
average  morning  loss  of  the  spring  period  is  insignificant  in  com- 
parison with  that  of  the  fall  period.  Figure  9  illustrates  the  mag- 
nitude of  the  morning  losses  on  September  23  and  25,  1922, 
respectively,  while  Figure  10  shows  the  average  loss  for  the  entire 
fall  honey  flow  of  that  year. 


Fig  10.— Graphs  of  average  hourly  changes  in  weight,  temperature,  relative  humidity,  and  total  hours  of 

sunshine.    Colony  B,  fall  period 

MIDDAY  DECLINE  IN  RATE  OF  GAIN 

Although  it  is  possible  to  distinguish  the  midday  decline  in  rate 
of  gain  in  weight  during  the  majority  of  the  fall  days,  it  is  seldom 
pronounced  in  its  character.  It  is  shown  in  the  shaded  portion  of 
Figure  10,  which  presents  the  average  variations  in  weight  for  each 
hour  of  the  day  in  the  fall  period.  The  graphs  of  actual  weights  of 
fall  days  do  not  show  this  midday  decline  because  it  occurs  so 
shortly  after  the  time  when  the  colony  stops  losing  weight.  The 
effect  of  the  midday  decline,  as  determined  by  bridging  the  gap  at 
this  period  upon  the  net  gain,  is,  however,  greater  than  it  is  during 
the  spring,  since  in  this  case  the  net  gain  was  decreased  50.66  per 
cent  on  account  of  it. 
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NET  GAIN 

The  net  gain  is  accumulated  late  in  the  day.  Figure  10  shows 
that  the  colony  did  not  regain  its  original  weight  until  between  4 
and  5  o'clock  in  the  afternoon,  and  since  increase  stops  on  the  aver- 
age at  6  o'clock  any  net  gain  must  be  accumulated  between  these 
hours.  Undoubtedly  the  nature  of  the  nectariferous  plants  abound- 
ing in  any  one  locality  will,  together  with  the  prevailing  climatic 
factors,  determine  the  time  and  amount  of  gain  in  weight.  An  en- 
tirely different  picture  may  be  expected  in  the  buckwheat  regions, 
since  buckwheat  is  known  to  secrete  nectar  only  in  the  forenoon. 

Figure  1  well  illustrates  the  vast  differences,  as  shown  by  hourly 
changes  in  the  hive  weight,  that  may  exist  in  the  interrelationship 
of  nectar-producing  plants,  bees,  and  weather  factors.  The  two 
curves  in  this  figure  represent  these  changes  for  May  9  (solid  line) 
and  September  28  (dash  line),  1922.  On  both  of  these  days  the  net 
gain  was  practical^  identical,  but  the  activities  of  the  bees  in  secur- 
ing this  gain  were  vastly  different  on  the  two  occasions.  On  the 
earlier  day  the  morning  loss  ceased  at  8  o'clock;  on  the  other  it  contin- 
ued until  11  o'clock  and  was  more  than  seven  times  as  great.  On 
May  9  the  original  weight  was  regained  by  12  o'clock,  whereas  on 
September  28  it  was  not  regained  until  between  4  and  5  o'clock  in 
the  afternoon.  The  comparison  of  these  two  days  also  serves  to  em- 
phasize the  statement  made  earlier  that  to  be  of  service  weight  rec- 
ords must  be  taken  frequently  and  methodically.  If  only  early 
morning  and  evening  records  are  taken  nothing  can  be  known  as  to 
the  time  during  the  day  when  nectar  is  being  brought  into  the  hive, 
and,  moreover,  if  the  last  weight  of  the  day  were  made  an  hour  or 
two  earlier,  one  day  might  show  a  gain  while  the  other  shows  a  loss. 

NOCTURNAL  LOSS 

The  nocturnal  loss  during  the  fall  is  appreciably  higher  in  com- 
parison with  the  net  gain  than  it  is  in  the  spring.  For  the  days 
showing  a  net  gain  in  Table  3,  the  nocturnal  loss  amounts  to  48.72 
per  cent  of  the  net  gain.  The  correlation  between  these  two  is  also 
much  higher  than  it  is  in  the  spring,  being  .8568  ±.0333.  A  calcu- 
lation of  Dufour's  (11)  data  likewise  shows  a  higher  correlation  be- 
tween nocturnal  loss  and  net  gain  for  the  fall,  being  .8689 ±  .0458,  as 
opposed  to  a  spring  correlation  of  .6663 ±.1002. 

A  higher  correlation  between  net  gain  and  nocturnal  loss,  as  well  as  a 
larger  per  cent  of  loss,  is  naturally  to  be  expected  when  net  gains  are 
small.  Such  a  condition  obtains  in  this  case,  since  a  larger  part  of  the 
nocturnal  loss  is  to  be  attributed  to  consumption  for  colony  maintenance. 

CORRELATIONS  BETWEEN  EXTERNAL  FACTORS  AND  THE  CHANGES 

IN  COLONY  WEIGHT 

Having  discussed  the  changes  in  weight  of  the  colonies  during  the 
spring  and  fall  honey  flows  and  the  correlations  for  the  various  parts 
of  the  day,  it  now  is  desirable  to  determine  what  degree  of  correlation 
exists  between  the  changes  in  weight  and  the  factors  of  the  environ- 
ment in  so  far  as  data  are  available  for  computation.  These  will  be 
discussed  in  the  following  order:  Temperature,  relative  humidity, 
solar  radiation,  and  hours  of  sunshine.  Numerous  coefficients  of 
correlation  along  these  lines  are  presented  in  Table  2,  together  with 
their  probable  errors. 
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TEMPERATURE  AND  CHANGES  IN  THE  COLONY  WEIGHT 

In  the  vast  literature  of  beekeeping  few  data  are  found  to  be  useful 
in  throwing  light  on  the  relation  of  external  temperature  to  the 
changes  in  colony  weight.  Many  experiments,  however,  have  been 
conducted  to  ascertain  the  relation  of  temperature  to  nectar  secretion. 
Of  the  latter,  the  work  of  Bonnier  stands  out  most  prominently. 
Unfortunately,  he  published  but  few  of  the  actual  data  upon  which 
his  conclusions  were  based,  so  that  it  is  difficult  to  make  mathemati- 
cal comparisons  with  the  data  herein  presented  or  with  the  data  of 
other  investigators.  Broadly  speaking,  the  correlation  between  plant 
or  animal  activity  and  temperature  is  positive  within,  of  course,  cer- 
tain limits.  Most  reactions,  whether  organic  or  inorganic  in  nature, 
are  retarded  by  low  temperatures,  and  increased  by  higher  tempera- 
tures, although  there  are  many  examples  to  the  contrary. 

TEMPERATURE   AXD   NET  GAIN 

During  the  spring  period  temperature  has  a  marked  effect  upon  net 
gain,  the  correlation  between  these  factors  being  . 7529  ±. 0473. 
This  is  a  higher  correlation  than  was  found  between  net  gain  and  any 
of  the  other  weather  factors,  from  which  it  appears  that  among  those 
considered,  temperature  is  the  most  important  single  factor  influenc- 
ing changes  in  the  colony  weight.  Bonnier  (1,  p.  163),  in  referring 
to  nectar  secretion,  states  that  the  volume  of  nectar  varies  inversely 
as  the  temperature.  Kenoyer  (20)  also  says  that  the  accumulation 
of  sugar  in  the  flower  and  its  vicinity  varies  inversely  as  the  temper- 
ature. In  referring  to  honey  production,  however,  Kenoyer  (19)  states 
that  good  honey  months  average  slightly  higher  in  temperature  than 
poor  ones,  this  being  especially  true  of  the  fall  and  spring  months, 
and  that  the  vield  is  best  on  davs  having  a  maximum  of  80°  to  90°  F. 
(26.7°  to  32. 2b  C).  Ono  (26,  p.  IS) ,  in  studying  the  secretion  of  extra- 
floral  nectaries,  does  not  lav  much  stress  on  temperature.  He  found 
that  within  the  range  of  15°  to  25°  C.  (59°  to  77°  F.)  the  influence 
of  temperature  upon  secretion  is  not  remarkable;  and  that  tempera- 
ture seems  to  have  merely  an  indirect  influence  in  so  far  as  it  affects 
the  plant  itself.  Harrault  (15)  states  that  for  a  given  plant  placed 
in  suitable  vegetative  conditions  the  production  of  nectar  increases 
with  the  increase  in  temperature  and  the  quantity  of  sunlight,  the 
production  following  general  botanical  laws.  The  writer's  calculation 
of  Harrault's  rather  scanty  data  gives  a  correlation  of  .5258 ±.0639 
between  net  gain  and  temperature.  A  negligible  correlation  of 
.0065 ±.1079  was  likewise  calculated  from  data  presented  bv  Mau- 
jean  (23). 

Bonnier  reached  his  conclusion  by  removing  the  nectar  from  vari- 
ous species  of  plants  from  hour  to  hour  by  means  of  a  small  pipette, 
and  noting  the  temperature.  The  writer's  calculations  of  Bonnier's 
data  gave  a  correlation  of  —  .6581  ±  .0901  between  temperature  and 
nectar  secretion.  Coefficients  of  correlations  were  also  calculated  from 
the  same  data  between  humidity  and  gain  and  between  humidity 
and  temperature,  with  the  following  results,  where  T=  temperature, 
E=  humidity,  and  N=  volume  of  nectar: 

rNT=  -.6581  ±.0901 
rxa  =  .8040  ±.0562 
rTH=  -.9202  ±.0243 
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Humidity  is,  of  course,  influenced  by  temperature.  In  order,  there- 
fore, to  arrive  at  a  more  correct  value  of  the  effect  of  temperature 
upon  nectar  secretion,  it  is  necessary  to  eliminate  the  effect  of  humid- 
ity by  reducing  this  variable  to  a  constant.  This  is  conveniently 
done  by  the  employment  of  the  formula  for  partial  correlation — 

Tnt  —  {Tnh  .  Vth) 

^(l—r2NH)  (1  -rW) 

Substituting  in  this  formula  the  above  coefficients  of  correlation, 
and  solving,  we  find  that — 

ff7Vr=.3306 

It  seems,  therefore,  according  to  Bonnier's  data,  that  when  humidity 
is  constant  nectar  secretion  varies  directly  with  temperature. 

The  interpretation  of  similar  data  compiled  by  other  investigators 
would  be  highly  desirable  at  this  place,  so  that  results  could  be  com- 
pared with  those  of  Bonnier.  The  writer's  calculation  of  Harrault's 
(15)  data  gives  the  following  results : 

rHG=.  2988  ±.1228 
rT0  =  .  5258  ±.0639 
rST  =  .  2821  ±.1241 

In  this  case  the  net  gain  of  a  colony  of  bees  was  used,  rather  than 
the  volume  of  nectar,  and  G  therefore  equals  net  gain.  By  substi- 
tuting these  values  in  Pearson's  formula  and  solving  we  find,  that — 

HrTG=AS2Q 

The  coefficient  of  correlation  between  net  gain  and  temperature  after 
correction  is,  therefore,  somewhat  lower  than  the  direct  correlation, 
but  it  is  still  positive. 

In  Table  2  the  following  coefficients  of  correlation  are  found: 

rHG=~.  3806  ±.0935 
rT0=  .7529  ±.0473 
rTn  =  -.1551±.1067 

In  this  case,  by  reducing  the  effect  of  humidity  to  a  constant,  we 
have — 

*r™=.7594 

No  attempt  has  been  made  in  the  present  investigation  to  ascer- 
tain the  optimum  temperature  for  the  maximum  change  in  weight  of 
a  colony  of  bees.  Kenoyer  (20)  found  under  experimental  conditions 
that  the  optimum  temperature  for  nectar  secretion  for  most  of  the 
Leguminosae  which  he  tested  was  15°  C.  (59°  F.).  He  also  called 
attention  to  the  fact  that  the  phenomenon  of  the  accumulation  of 
stored  sugar  from  starch  at  low  temperature  in  the  twigs  of  woody 
plants  is  well  known,  and,  further,  presented  data  which  show  that 
the  same  is  applicable  to  floral  tissues.     He  likewise  ascertained  that, 
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with  an  increase  in  temperature,  the  permeability  of  the  protoplasts 
of  the  multicellular  secreting  hairs  which  cover  the  nectary  of  Abu- 
tilon  rapidly  increases.  The  osmotic  pressures  (intimately  related 
to  permeability  in  plants)  of  aqueous  sucrose  solutions  were  like- 
wise found  by  Morse,  as  cited  by  Stiles  {82),  to  vary  directly  with 
temperature,  at  temperatures  generally  encountered  in  working  with 
plants.  With  the  effect  of  low  temperatures  upon  the  accumulation 
of  sugar  on  the  one  hand,  and  the  effect  of  high  temperatures  upon 
permeability  on  the  other,  Kenoyer  states  that  the  evidence  points 
to  the  conclusion  that  the  secretion  of  nectar  results  from  a  balance 
between  the  two,  and  that  the  optimum  temperature  for  secretion 
may  be  represented  by  the  point  where  the  negative  graph  repre- 
senting temperature  and  sugar  accumulation  crosses  the  positive 
graph  of  permeability  of  protoplasts  to  sugar  and  temperature. 

Phillips  and  Demuth  (31),  in  referring  to  white  clover  (Trifolium 
repens),  state  that  this  species  of  Leguminosae  may  rarely  be  counted 
upon  as  a  major  honey  source  where  the  average  summer  tempera- 
ture exceeds  75°  F.  (23.9°  C),  and  a  more  important  consideration 
is  that  secretion  is  most  rapid  where  there  is  a  considerable  daily 
range  of  temperature,  the  best  results  being  observed  when  the  night 
temperature  is  below  65°  F.  (18.3°  C),  and  the  day  temperature 
above  that.  The  slight  difference  between  Kenoyer's  optimum  tem- 
perature and  the  observations  of  Phillips  and  Demuth  may  be 
explained  by  the  fact  that  the  former  was  studying  nectar  secretion 
while  the  latter  were  referring  to  conditions  as  measured  by  the 
honey  crop. 

There  are  numerous  records  where  low  temperatures  appear  to 
have  an  important  bearing  upon  nectar  secretion.  On  the  other 
hand,  the  literature  of  beekeeping  contains  many  references,  mainly 
observations  by  beekeepers,  to  the  effect  that  high  temperatures  are 
necessary  for  an  abundant  secretion  of  nectar.  Undoubtedly  the 
physiological  behavior  of  plants  in  nectar  secretion  varies  somewhat 
with  different  species  and  under  varying  climatic  conditions.  Like 
Ono  (26) ,  Wilson  (33)  found  that  temperature  makes  but  little  dif- 
ference in  nectar  production.  In  the  case  of  branches  of  Prunus 
laurocerasus,  however,  he  discovered  that  a  temperature  of  at  least 
12°  C.  (53.6°  F.)  is  necessary  for  the  metamorphosis  of  the  cell  walls 
■and  the  raising  of  the  cuticle,  and  that  after  this  activity  of  the  nec- 
tary had  passed  a  much  lower  temperature  sufficed  for  continued 
•secretion.  Haupt  (17)  found  that  a  certain  minimum  temperature 
was  necessary  to  induce  secretion  and  Demuth  (9) ,  in  making  obser- 
vations to  determine  the  temperature  at  which  basswood  (Tilia 
americana)  begins  to  yield  nectar,  found  that  in  northern  Indiana 
this  plant  did  not  yield  nectar  until  a  temperature  of  64°  F.  (17.8° 
C.)  was  reached. 

From  what  has  preceded,  it  is  quite  evident  that  considerable  con- 
fusion exists  regarding  the  true  relation  of  temperature  either  to 
nectar  secretion  or  to  changes  in  colony  weight.  Much  of  this  con- 
fusion is  undoubtedly  due  to  a  lack  of  sufficient  discrimination  be- 
tween the  uses  of  the  terms  "nectar  secretion"  and  "change  in 
colony  weight."  So  far  as  the  changes  in  weight  are  concerned,  the 
majority  of  the  data  indicate  that  during  a  honey  flow  the  relation 
of  these  changes  to  temperature  is  positive.  If  there  does  exist  a 
negative  correlation  between  nectar  secretion  and  temperature,  it 
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appears  evident  that  either  the  honey  flora  in  the  vicinity  of  Somer- 
set, Md.,  does  not  respond  during  the  spring  period  as  did  the  plants 
studied  by  Bonnier  and  Kenoyer,  or  else  that  the  temperature  has 
such  a  pronounced  effect  upon  the  behavior  of  the  bees  that  the  effect 
upon  nectar  secretion  is  largely  obscured.  Hot,  dry  weather  often 
occurs  at  periods  when  no  nectar  is  being  brought  to  the  hive;  at 
the  hottest  times,  however,  it  is  not  at  all  uncommon  for  bees  to 
gather  large  quantities  of  honeydew  of  insect  origin.  Since  the  bee 
is  a  cold-blooded  animal  it  is  but  natural  to  expect  increased  activity 
with  increasing  external  temperature. 

Table  3  lists  the  coefficients  of  correlation  between  net  gain  and 
the  various  weather  factors  of  the  previous  day.  It  will  be  seen  that 
the  coefficient  of  correlation  between  the  net  gain  and  the  average 
temperature  for  the  entire  spring  period  is  .1783 ±.1059.  This  in- 
fluence is  positive  but  not  otherwise  especially  significant,  since  the 
probable  error  is  high.  The  correlation  of  net  gain  with  average 
nocturnal  temperature  just  preceding  the  gain  is  slightly  higher,  being 
.2151  ±.1043.  Evidently,  according  to  the  data  presented,  tempera- 
tures of  the  day  on  which  gains  are  made  have  a  more  direct  influence 
on  colony  gains  than  do  those  of  the  previous  day  or  night. 

Table  3. — C oefficienls  of  correlation  between  net  gain  in  colony  xceight  and  various 
weather  factors  of  the  preceding  day,  with  their  mean  and  standard  deviations  for 
the  spring  -period 


ial  Diurnal  Diurnal  D™] 


Solar 
radia- 
tion 


Noc-      Noc-       £°c- 


Net  gain. 


0. 1783     0. 3317     0. 0329     0. 0289 
±.1059    ±.0973    ±.1093    ±.1093 


0.0246    -0.0804   0.2151     0.2472     0.0005 
±.1093  i±. 1087  '±.1043  ;±. 1027    ±.1094 


0.  0721 
±.  1088 


Mean  deviation 

Standard  deviation. 


4.5261     4.9735     3.1578     4.6577  '  5.8682     6.4998     5.3682     4.6577  j  5.6840  |    4.1314 
2.  4895     2.  3113     2.  3230  ,  2. 4526     2.  7067     2.  4146     2.  8603     1. 8416  |  2.  0148       2.  3304 


The  data  taken  during  the  fall  period  give  a  correlation  coefficient 
of  —.2310 ±.1185  between  the  average  diurnal  temperature  and  the 
change  in  weight.  This  figure  is  radically  different  from  the  corre- 
lation of  .7529  existing  between  the  average  diurnal  temperature  and 
the  net  gain  for  the  spring  period.  The  probable  error  of  the  fall 
correlation  is  large,  and  this  figure  is  therefore  important  chiefly 
because  there  is  a  negative  correlation.  This  difference  may  be  due 
in  part  to  the  fact  that  during  the  fall  the  activity  of  the  colony  in 
brood  production  is  carried  on  under  somewhat  adverse  conditions; 
that  is,  the  effort  necessary  properly  to  care  for  the  brood  during  the 
fall  is  proportionally  greater  than  it  is  during  the  spring,  and  for  this 
reason  the  bees  will  go  to  the  fields  under  conditions  otherwise  not 
ideal.  In  such  a  case  it  may  be  that  temperature  has  a  more  pro- 
nounced effect  upon  nectar  secretion  than  upon  bee  behavior,  and 
thus  results  in  a  negative  correlation  between  average  diurnal  temper- 
ature and  changes  in  colony  weight.  There  seems  little  doubt  but 
that  a  much  greater  effort  is  necessary  on  the  part  of  the  bees  during 
the  fall  properly  to  carry  on  normal  colony  activity  than  is  needed 
during  the  spring.     Figure  1  illustrates  a  day  in  each  of  these  two 
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periods  when  the  net  gains  are  approximately  identical.  For  the 
spring  day,  the  morning  loss  was  small  and  ceased  at  8  o'clock.  From 
this  time  on  the  colony  gained  slowly  but  steadily  until  the  close  of 
day.  Apparently  only  partial  loads  were  carried  during  most  of  the 
day,  and  the  bees  made  short  trips  to  the  field.  Had  either  one  of 
these  two  suppositions  not  been  true,  the  morning  loss  would  have 
been  larger,  or,  if  the  bees  had  carried  maximum  loads  and  had  made 
short  trips,  only  a  small  portion  of  the  field  force  would  have  been 
engaged  in  gathering.  The  fall  day  shows  a  tremendous  morning 
loss  with  a  regaining  of  the  original  weight  late  in  the  afternoon.  Such 
a  heavy  loss,  scattered  over  so  many  hours,  would  justify  one  in 
believing  that  the  entire  field  force  was  active,  and  that  the  indi- 
vidual bees  made  long  trips  and  perhaps  carried  but  partial  loads. 
Figure  9(5)  illustrates  another  day  (September  25)  of  the  fall  period 
when  the  bees  must  have  made  tremendous  efforts  to  secure  what 
nectar  was  available.  Table  4  presents  various  data  relating  to  the 
fall  honey  flow  of  1922. 

Table  4. — Changes  in  weight  of  colony  B,  and  various  weather  data  during  the  fall 

honey  flow 


Diur- 

Diur- 

Diur- 

Diur- 
nal 

rela- 
tive 
hu- 
midity 

varia- 
tion 

Noc- 

Noc- 

Noc- 

Noc- 
turnal 
rela- 
tive 
hu- 
midity 
varia- 
tion 

Diur-  | 

nal 

nal 

nal 

turnal 

turnal 

turnal 

Date 
(1922) 

nal       Noc- 
change  turnal 

aver- 
age 

tem- 
pera- 

aver- 
age rel- 

Sun- 
shine 

Solar 
radia- 

aver- 
age 

tem- 
pera- 

aver- 
age rel- 

Morn- 
ing 

in         loss 

tem- 

ture 

ative 

tion 

tem- 

ture 

ative 

loss 

weight: 

pera- 

varia- 

hu- 

pera- 

varia- 

hu- 

ture 

tion 

midity 

ture 

tion 

midity 

Grams\  Grams 

°F. 

°F. 

Hours 

°F. 

°F. 

Grams 

Sept.  4 

-130 

80 

87.5 

20 

69.3 

44 

11.7 

438.3 

77.5 

9 

97.1 

5 

450 

5 

-70 

60 

85.3 

18 

68.6 

53 

9.6 

432.6 

73.2 

12 

97.7 

8 

420 

6 

-50 

60 

87.0 

26 

62.2 

60 

12.8 

490.6 

74.9 

13 

95.3 

11 

460 

7 

-10 

50 

87.6 

24 

64.5 

56 

8.7 

450.1 

78.0 

12 

96.0 

9 

390 

9 

-110 

90 

81.4 

13 

79.8 

39 

5.2 

277.5 

74.7 

7 

98.8 

4 

690 

10 

200 

130 

83.9 

15 

68.6 

47 

8.1 

410.9 

'75.7 

6 

97.7 

10 

410 

12 

-20           20 

75.1 

9 

71.6 

54 

6.3 

301.4 

61.0 

14 

97.5 

10 

820 

13 

290  i      120 

74.6 

27 

54.5 

64 

12.5 

495.2 

64.9 

9 

96.1 

9 

800 

14 

550         200 

81.9 

27 

58.0 

48 

12  5 

478.9 

74.0 

11 

95.5 

14 

850 

15 

550         170 

84.7 

21 

66.3 

55 

11.1 

464.4 

74.8 

9 

97.5 

6 

920 

17 

50 

90 

69.6 

19 

56.0 

55 

7.9 

308.0 

55.7 

11 

95.6 

8 

1,010 

18 

90 

170 

69.0 

22 

53.3 

36 

10.4 

413.6 

61.9 

5 

90.8 

9 

1,080 

19 

370 

190 

70.5 

18 

63.3 

51 

5.7 

271.9 

61.1 

13 

97.7 

13 

1,170 

20 

380         190 

66.9 

18 

76.1 

45 

6.4 

289.1 

62.5 

8 

98.1 

8 

1,185 

21 

690 

290 

70.7 

15 

68.6 

48 

3.7 

311.9 

61.5 

13 

97.0 

11 

1,310 

22 

410 

235 

69.6 

22 

68.5 

57 

3.2 

323.2 

60.5 

14 

98.3 

6 

1,510 

23 

1,395 

390 

77.4 

33 

58.2 

72 

10.4 

397.3 

65.8 

17 

96.9 

10 

1,430 

24 

960 

510 

78.3 

32 

66.5 

62 

6.0 

329.8 

68.4 

23 

71.5 

49 

1,620 

25 

-220 

170 

67.7 

18 

46.2 

71 

12.0 

540.  0 

50.1 

13 

91.1 

19 

1,690 

26 

310 

220 

61.2 

25 

49.2 

70 

12.0 

474.5 

51.2 

10 

96.7 

20 

1,360 

27 

1,110 

340 

68.9 

32 

60.0 

60 

12.0 

448.9 

61.6 

13 

96.5 

17 

1,260 

28 

680         300 

71.3 

34 

58.8 

70 

11.7 

404.3 

61.2 

10 

97.0 

15 

1,495 

29 

300  i      230 

72.9 

22 

71.9 

51 

7.9 

346.5 

62.0 

17 

97.8 

7 

1,300 

30 

660  1      300 

73.0 

28 

64.5 

56 

11.8 

413.5 

60.2 

16 

96.9 

11 

1,190 

Oct.     1 

440 

230 

74.4 

30 

61.0 

64 

11.8 

431.5 

58.8 

6 

97.1 

11 

1,190 

2 

380 

220 

75.2 

34 

63.4 

66 

11.6 

396.8 

60.1 

16 

98.5 

7 

1,150 

3 

350 

215 

76.6 

34 

62.0 

64 

11.7 

361.1 

65.5 

13 

97.7 

8 

1,070 

4 

215 

210 

78.0 

27 

63.9 

60 

10.8 

306.6 

69.5 

12 

95.5 

9 

1,005 

5 

240         225 

83.0 

32 

53.5 

74 

11.6 

365.5 

69.6 

14 

87.0 

23 

900 

It  must  be  recalled  that  the  data  in  the  spring  and  fall  periods  are 
not  entirely  comparable,  since  days  were  not  chosen  in  the  fall  with 
a  minimum  net  gain  of  980  grams.  The  difference  between  the 
correlations  of  temperature  and  net  gain  in  the  two  periods  is,  how- 
ever, so  striking  as  to  call  for  an  explanation,  and  no  definite  ex- 
planation seems  to  be  available.  In  determining  the  cause  of  this 
difference  in  correlation  in  the  two  periods  it  must  be  remembered 
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that  there  are  striking  differences  in  the  conditions  of  the  colony;  in 
the  spring  the  brood  rearing  is  increasing  and  the  population  of  the 
colony  is  not  only  greater  but  is  made  up  predominantly  of  young 
bees;  in  the  fall  the  population  is  smaller,  brood  rearing  is  decreas- 
ing, and  many  of  the  held  bees  are  older  than  in  spring.  In  the  spring 
in  the  vicinity  of  the  Bee  Culture  Laboratory  the  honey  flow  is  heavy 
and  nectar  is  abundant,  whereas  in  the  fall  the  daily  gain  is  usually 
small  and  the  plants  yielding  nectar  do  so  in  relatively  small  quan- 
tities. There  may  be  an  undetermined  difference  in  the  time  of  day 
at  which  nectar  is  secreted  (as  is  found  between  clover  and  buck- 
wheat, for  example) .  In  the  spring,  when  nectar  is  unusually  abun- 
dant, the  gains  may  be  largely  attributable  to  the  influence  of 
increased  temperature  on  bee  activity,  whereas  in  the  fall  the  greater 
gains  at  lower  temperatures  may  be  associated  with  the  inverse  re- 
lationship which  has  been  assumed  between  nectar  secretion  and 
temperature.  Until  more  observations  are  made  this  must  remain 
a  matter  of  speculation. 

It  will  be  noticed  in  Table  2  that  the  correlation  between  diurnal 
variation  of  temperature  and  net  gain  in  spring  is  .5967 ±.0704.  A 
wide  daily  variation  in  temperature  on  days  of  good  gathering  has 
long  been  noted  by  beekeepers.  There  is  some  evidence,  as  previously 
pointed  out,  that  a  preceding  low  temperature  is  necessary  to  induce 
nectar  secretion,  and  that  once  started  this  secretion  will  continue  at 
higher  temperatures.  The  correlation  of  this  same  variable  with  the 
fall  changes  of  weight  (Table  5)  gives  approximately  the  same  figure, 
namely,  .5570  ±  .0863.  The  fact  that  diurnal  variation  of  temperature 
affects  the  weight  changes  alike,  both  in  the  spring  and  fall,  and  the 
observation  of  this  phenomenon  by  beekeepers,  would  indicate  that 
this  factor  has  a  greater  influence  on  nectar  secretion  than  it  does 
upon  bee  behavior. 

For  the  fall  period  there  is  a  correlation  of  —  .7586  ±  .0531  between 
the  average  diurnal  temperature  and  morning  loss.  The  morning 
loss  is  largely  brought  about  by  flight  activity,  and  is  therefore  really 
a  quantitative  measurement  of  it.  Since  there  exists  for  this  period 
a  positive  correlation  between  morning  loss  and  change  of  colony 
weight,  this  fact  would  seem  to  indicate  that  the  colder  the  weather 
the  greater  the  gain,  as  in  reality  the  correlation  between  the  changes 
of  colony  weight  and  diurnal  average  temperature  (  —  .2310)  actu- 
ally shows,  though  to  a  small  degree.  The  correlation  between  diur- 
nal variation  of  temperature  and  change  of  colony  weight  is  positive, 
and  the  correlation  between  morning  loss  and  diurnal  variation  of 
temperature  is  also  positive,  despite  the  fact  that  there  is  a  large 
negative  correlation  between  morning  loss  and  the  diurnal  average 
temperature.  In  calculating  this  latter  coefficient  of  correlation,  the 
average  temperature  for  the  entire  diurnal  period  was  used,  while 
the  period  of  morning  loss  covers  but  half  of  this  time.  Since  the 
maximum  average  temperature  comes  later  than  the  end  of  the  per- 
iod of  average  morning  loss,  as  shown  in  Figure  10,  a  correlation 
with  the  temperature  for  the  hours  actually  coinciding  with  morning 
loss  would  undoubtedly  result  in  a  lower  correlation  between  these 
two  variables.  The  evidence  in  favor  of  the  theory  that  during  the 
fall  temperature  has  a  greater  effect  on  nectar  secretion  than  it  has 
on  bee  behavior  is  thus  not  materially  weakened. 
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TEMPERATURE   AND  MIDDAY  DECLINE 


As  previously  pointed  out,  the  cause  for  the  midday  decline  has 
been  attributed  to  high  temperature  and  low  relative  humidity,  both 
prevailing  at  that  time  of  the  day.  The  minimum  of  the  average 
midday  decline  occurs  from  1  to  2  p.  m.  (figs.  7,  8,  and  10).  The 
maximum  of  the  average  temperature  comes  from  3  to  4  p.  m.  (figs.  8 
and  10),  although  it  occurred  an  hour  earlier  during  the  1922  spring 
honey  flow  (fig.  7) .  Although  the  midday  decline  occurs  during  the 
hot  part  of  the  day,  it  does  not  coincide  with  the  period  of  maximum 
temperature.  Moreover,  the  coefficient  of  correlation  between  net 
gain  and  average  temperature  is  high  and  positive  for  the  spring 
period,  so  that  it  is  difficult  to  give  a  satisfactory  explanation  of  the 
occurrence  of  the  midday  decline  on  the  basis  of  high  temperature 
and  low  relative  humidity.  During  the  fall  the  relation  between 
change  of  colony  weight  and  the  average  diurnal  temperature  is  neg- 
ative and  the  coefficient  is  small.  From  the  standpoint  of  the  net 
gain,  the  midday  decline  during  the  fall  is  large,  but  from  the  stand- 
point of  weight  changes  it  is  small  and  barely  noticeable. 


TEMPERATURE  AND  NOCTURNAL  LOSS 


The  relation  of  temperature  to  nocturnal  loss  is  surprising  in  view 
of  the  widespread  importance  usually  attributed  to  it  by  beekeepers. 
One  naturally  expects  to  find  a  higher  rate  of  evaporation  on  warm 
nights  following  days  of  good  gain  than  on  cool  nights.  This  relation, 
however,  is  small,  the  coefficient  of  correlation  between  net  gain  and 
nocturnal  average  temperature  being  but  .1754 ±.1060. 

Temperature  variation  seems  to  have  a  more  important  bearing, 
the  coefficient  of  correlation  between  net  gain  and  nocturnal  vari- 
ation of  temperature  being  —.3439 ±.0964.  One  interpretation  for 
this  would  be  that  when  there  is  a  great  variation  in  temperature 
during  the  night  the  bees  are  forced  constantly  to  modify  their  tem- 
perature-regulating organization  in  such  a  manner  that  the  temper- 
ature of  the  brood-chamber  may  be  maintained  constant.  In  doing 
this  the  task  of  evaporation  is  interrupted,  resulting  in  a  negative 
correlation.  In  other  words,  from  the  standpoint  of  evaporation,  an 
even  temperature  is  more  desirable  than  a  high  temperature,  within, 
of  course,  reasonable  limits. 

During  the  fall  period  the  relation  between  temperature  and  noc- 
turnal loss  is  the  opposite  of  that  existing  in  the  spring  period,  the 
coefficient  of  correlation  between  the  average  nocturnal  temperature 
and  nocturnal  loss  being  —.3391  ±.1108.  It  would  be  contrary  to 
physical  laws  to  expect  a  higher  rate  of  evaporation  during  cold 
nights  than  during  warm  nights.  An  explanation  of  this  negative 
correlation  seems  to  lie  in  the  fact  that  the  relation  between  changes 
of  weight  during  the  day  and  the  respective  nocturnal  losses  is  high. 
This  in  turn  would  indicate  that  the  incoming  nectar  was  promp  ly 
cared  for,  and  the  existing  outside  temperature,  instead  of  primarily 
affecting  the  rate  of  evaporation,  has  its  effect  principally  upon  the 
general  activity  of  the  colony,  resulting  in  the  consumption  of  larger 
quantities  of  stores  on  cold  nights. 
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The  coefficient  of  .5136 ±.0922  between  nocturnal  loss  during  the 
fall  and  nocturnal  variation  of  temperature  can  be  explained  in  the 
same  way.  During  the  fall  the  amount  of  evaporation  necessary  is 
comparatively  small  because  of  the  small  amount  of  nectar  gathered 
during  this  investigation,  so  that  the  various  weather  factors  have 
little  effect  upon  it,  but  have  a  considerable  effect  upon  the  work  of 
the  colony  as  a  whole.  The  greater  the  range  in  temperature,  the 
greater  the  consumption  of  stores,  owing  again,  perhaps,  to  modifi- 
cation in  the  temperature-regulating  arrangements  of  the  colony.  It 
is  seen  that  variation  of  temperature  has  a  greater  influence  upon 
the  nocturnal  loss,  during  both  the  spring  and  fall,  than  does  the 
average  nocturnal  temperature.  Variation  of  temperature  at  night 
produces  noticeable  disturbance. 

RELATIVE  HUMIDITY  AND  CHANGES  IN  COLONY  WEIGHT 

Even  less  is  known  regarding  the  influence  of  relative  humidity 
upon  changes  in  the  weight  of  the  colony  than  regarding  the  influ- 
ence of  temperature,  probably  largely  because  instruments  for  indi- 
cating relative  humidity  are  not  as  widely  distributed  as  are  ther- 
mometers. Plant  physiologists  have,  of  course,  studied  the  influence 
of  relative  humidity  upon  various  phases  of  plant  life,  and  to  a  lim- 
ited extent  upon  nectar  secretion.  As  in  the  case  of  temperature, 
there  is  no  general  agreement  as  to  its  relative  value. 

One  of  the  difficulties  encountered  in  determining  the  value  of  the 
influence  of  relative  humidity  upon  any  phase  of  plant  or  animal  life 
is  that  relative  humidity  and  temperature  are  intimately  related.  It 
is  necessary,  in  a  careful  analysis  of  the  influence  of  various  weather 
factors  upon  physiological  changes,  to  make  due  allowance  for  the 
influence  of  these  variables  upon  each  other.  Wright  (34) }  for 
instance,  in  recalculating  the  figures  of  Briggs  and  Shantz  (4,  5) 
found  that  temperature  and  not  wet-bulb  depression  was  the  more 
important  variable  influencing  the  daily  transpiration  of  plants. 
Patterson  (28)  states  that  relative  humidity  as  a  factor  influencing  the 
growth  of  higher  plants  has  been  greatly  overestimated.  He  found 
that  elongation  in  etiolated  shoots  of  the  common  bean,  growing  in 
pure  silica  sand,  either  20  per  cent  or  60  per  cent  saturated  with 
water,  proceeded  as  rapidly  in  a  relative  humidity  of  30  percent  as  in 
a  relative  humidity  of  either  60  per  cent  or  90  per  cent.  When 
growing  in  silica  sand,  5  per  cent  saturated,  they  grew  less  rapidly 
•in  a  relative  humidity  of  30  per  cent  than  in  a  relative  humidity  of 
60  per  cent  or  90  per  cent,  but  grew  as  rapidly  in  a  relative  humidity 
of  60  per  cent  as  they  did  in  one  of  90  per  cent. 

All  figures  pertaining  to  relative  humidity  in  the  present  bulletin 
were  obtained  from  a  self-recording  hygrometer  maintained  in  the 
laboratory  apiary.  This  instrument  tended  regularly  to  record  too 
high  percentages  of  relative  humidity,  and  consequently  the  figures 
in  some  of  the  tables  appear  to  be  above  the  average.  This  error  in 
the  instrument  should  not  greatly  affect  the  coefficients  of  correlation 
in  which  relative  humidity  figured  as  one  of  the  variables,  since  the 
error  appears  to  be  fairly  constant.  No  attempt  has  been  made  to 
determine  the  optimum  or  minimum  relative  humidity  necessary  for 
any  activity  of  the  apiary. 
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RELATIVE  HUMIDITY  AND  NET   GAIN 

It  has  been  shown  that  temperature  influences  nectar  secretion 
and  changes  in  the  colony  weight.  Similarly,  plants  doubtless  respond 
to  changes  in  relative  humidity  according  to  the  species  and  the 
location  in  which  they  grow.  Some  species  of  plants  are  known  to  se- 
crete nectar  under  conditions  of  the  greatest  possible  humidity;  on 
the  other  hand,  arid  and  semiarid  countries  contain  many  nectar- 
producing  plants. 

Hommel]  (18,  p.  194)  states  that,  other  conditions  being  equal,  the 
quantity  of  nectar  increases  with  an  increase  in  the  relative  humidity 
of  the  air.  Ono  (26) ,  in  discussing  the  influence  of  moisture  on  nec- 
tar secretion  in  extrafloral  nectaries,  says  that  "moisture  is  one  of  the 
conditions  most  favorable  to  the  secretion  of  nectar,  and  its  influence 
seems  to  be  more  or  less  direct.  Dry  atmosphere  is  in  all  cases  un- 
favorable to  the  secretion."  He  cites  a  case  in  which  cut  twigs 
of  Primus  laurocer.asus  were  placed  in  a  water  bottle  and  held  under 
a  bell  jar  of  moist  air  for  three  weeks.  Despite  the  fact  that  these 
nectaries  were  washed  daily  (an  operation  which  will  often  terminate 
secretion),  they  continued  throughout  the  experiment  to  secrete 
nectar  without  decreasing  either  its  quantity  or  the  quantity  of 
sugar  contained  in  it.  Wilson  (33),  working  with  the  same  species 
of  plant,  found  that  after  a  branch  of  Prunus  laurocerasus  had  been 
made  to  secrete  nectar  by  being  placed  under  a  moist  bell  jar,  it 
continued  to  do  so  without  water  and  in  the  dry  air  of  an  ordinary 
room,  until  the  whole  branch  had  lost  more  than  one-fourth  of  its 
weight  by  withering.  Kenoyer  (20)  discovered  that  by  increasing 
the  relative  humidity  the  production  of  water  was  increased,  but  not 
that  of  sugar  from  nectaries. 

Bonnier  (1)  found  that  the  secretion  of  nectar  varies  directly  with 
relative  humidity.  Although  he  realized  (2)  the  complex  role  which 
relative  humidity  plays  in  plant  physiology,  he  made  no  corrections 
for  the  effect  of  other  variables  upon  relative  humidity  in  his  studies 
on  nectar  secretion.  In  calling  attention  to  the  midday  decline,  and 
accounting  for  it  by  the  low  relative  humidity  and  the  high  temper- 
ature prevailing  at  that  time,  he  made  no  effort  to  assign  more  im- 
portance to  one  than  to  the  other.  The  writer,  in  calculating  Bonnier's 
data,  found  the  coefficients  of  correlation,  as  stated  under  the  discus- 
sion of  temperature.  In  order  to  arrive  at  a  corrected  value  for  the 
effect  of  relative  humidity  by  reducing  temperature  to  a  constant, 
we  substitute  in  the  following  formula  the  numerical  values  of  the 
proper  coefficients  (see  p.  27  for  correlation  values),  and  obtain — 

Tr*H  =     If-i         2     wi       ^     ^  =  -6605 

^(l-r2NT)(l-r2TB) 

Thus  the  effect  of  temperature  reduces  the  coefficient  of  .8040  between 
relative  humidity  and  nectar  secretion  to  .6605. 

The  substitution  in  the  above  formula  of  the  coefficients  calculated 
from  Harrault's  (15)  data  gives — 


tTqh=  .1844,  where  rQH  is  .2988 
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The  writer  found  a  correlation  coefficient  of  —.3806 ±.0935  be- 
tween change  in  the  colony  weight  and  diurnal  relative  humidity  for 
the  spring  period.  In  making  a  temperature  correlation  by  means 
of  the  same  formula,  he  found  TrGH  =  —  .4058.  In  this  particular 
instance,  it  appears  that  dry  atmosphere  has  a  beneficial  effect  upon 
the  change  in  colony  weight. 

The  fall  period  showed  less,  or  practically  no,  correlation  between 
changes  of  colony  weight  and  diurnal  average  relative  humidity,  the 
correlation  being  -.0960±.1240. 

It  is  interesting  to  note  from  Tables  2  and  5  that  a  wide  variation 
of  diurnal  relative  humidity  has  a  beneficial  effect  upon  change  of 
colony  weight,  and  that  the  coefficients  of  correlation  in  this  case  are 
higher  than  those  with  the  diurnal  average  relative  humidity. 

The  condition  of  the  diurnal  or  nocturnal  relative  humidity  of 
the  day  preceding  has  practically  no  effect  upon  change  of  colony 
weight. 

RELATIVE  HUMIDITY  AND  MIDDAY  DECLINE 

Figures  7,  8,  and  10  show  that  the  average  minimum  relative 
humidity  is  reached  previous  to  the  average  low  point  of  the  midday 
decline.  This  fact,  together  with  the  existence  of  a  negative  corre- 
lation between  net  gain  and  diurnal  relative  humidity,  makes  it  dif- 
ficult to  assign  low  relative  humidity  as  the  cause  for  the  midday 
decline. 

RELATIVE  HUMIDITY  AND  NOCTURNAL  LOSS 

During  the  spring  period  the  nocturnal  relative  humidity  plays  a 
small  part  in  the  nocturnal  loss.  The  coefficients  for  both  the  aver- 
age and  the  variation  in  relative  humidity  are  small  and  have  large 
probable  errors. 

For  the  fall  figures  these  factors  are  more  important.  The  coeffi- 
cient of  —.4821  ±.0961  for  the  average  nocturnal  relative  humidity 
with  nocturnal  loss  signifies  that  the  drier  it  is  at  night  the  more  the 
colony  loses  in  weight.  The  greater  the  variation  in  relative  humid- 
ity during  a  night,  the  greater  the  loss,  as  is  shown  by  the  coefficient 
of  correlation  of  .5391  ±  .0888.  Thus  it  is  seen  that  variation  in  rel- 
ative humidity  plays  a  more  important  part  than  the  average  relative 
humidity  upon  nocturnal  changes  in  colony  weight. 

SOLAR  RADIATION  AND  SUNSHINE 

It  is  a  well  known  fact  that  both  solar  radiation  and  sunshine  exert 
a  profound  influence  upon  animal  and  plant  life;  it  is  therefore  not 
surprising  to  find  that  these  two  factors  play  an  important  role  in 
changes  of  colony  weight.  A  number  of  investigators  have  attempted 
to  learn  the  effect  of  light  upon  nectar  secretion,  but,  as  in  other 
experiments  upon  nectar  secretion,  various  species  of  plants  have 
been  used  with  the  result  that  authorities  differ  in  their  conclusions. 

Ono  (26)  placed  Ligustrum  lucidium,  Viburnum  japonicwm,  V.  ovu- 
lus,  Prunus  yedoensis,  and  P.  laurocerasus  in  a  dark  moist  chamber 
and  found  that  their  young  extrafloral  nectaries  produced  no  nectar 
at  all,  but  that  their  fully  developed  nectaries  secreted  in  the  dark 
equally  as  well  as  in  the  sunlight.  In  the  case  of  P.  laurocerasus  this 
plant  continued  to  secrete  nectar  in  ample  quantities  for  three  weeks 
while  placed  in  a  dark  chamber,  the  nectaries  being  washed  daily. 
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He  concludes  that  the  influence  of  light  on  the  secretions  of  the  nec- 
taries is  of  an  indirect  nature,  except  in  the  case  of  Vicia  and  some 
species  of  Euphorbia,  these  exceptions  being  noted  by  Haupt  (17). 
As  a  matter  of  fact,  Ono  concludes  that  all  external  factors  are  of 
slight  value  in  comparison  with  the  inner  conditions  of  the  nectaries. 
Secretion,  he  thinks,  may  occur  by  mere  chance;  and  the  factors 
which  are  favorable  to  the  life  and  growth  of  the  plant  at  the  same 
time  promote  the  secretion  of  nectar. 

Haupt  (17)  found  that  for  certain  plants,  e.  g.,  Euphorbia  and 
Vicia,  the  secretion  of  nectar  is  profoundly  influenced  by  light, 
especially  by  the  red  and  yellow  rays  of  the  sun's  spectrum.  The 
secretion  of  nectar  occurs  only  in  light,  and  in  darkness  or  in  blue 
light  nectaries  already  containing  sugar  resorb  this  substance. 

Gardiner  (12),  in  commenting  on  the  discoveries  of  Wilson  (33) 
regarding  nectar  secretion,  says,  "I  am  led  to  think  that  this  goes  far 
to  explain  both  his  own  and  Darwin's  (6\  p.  403)  observations,  that 
the  exudation  of  nectar  takes  place  more  rapidly  in  sunlight,  for 
according  to  my  own  observations  as  regards  waterglands  and  the 
like  it  does  not  seem  probable  that  the  power  of  secretion  as  such  is 
accelerated  by  light."  However,  Wilson  (33)  does  not  lay  much 
stress  on  the  effect  of  light  upon  secretion,  as  Gardiner  would  have 
one  believe,  for  in  Wilson's  conclusions  he  states  that  many  plants 
secrete  as  well  in  the  light  as  in  darkness,  while  others  require  either 
direct  sunlight  or  strong  diffused  light  for  secretion.  Harrault  (14) 
observed  that  some  plants  can  yield  certain  quantities  of  nectar 
under  weak  solar  rays  but  that  most  plants  do  not  yield  nectar  even 
in  slight  shade.  In  discussing  the  influence  of  external  factors  on 
plant  transpiration,  Livingston,  in  his  revision  of  Palladin's  work  (27, 
p.  138),  says  that  light  is  undoubtedly  the  most  important. 

In  the  present  investigation  the  total  hours  of  sunshine  seem  to 
have  a  somewhat  greater  effect  upon  net  gain  during  the  spring 
period  than  does  solar  radiation.  The  coefficient  of  correlation  of 
the  former  with  net  gain  is  .6124 ±.0683,  while  for  the  latter  with 
net  gain  it  is  .5525  ±.0760.  In  the  attainment  of  the  flowering  stage 
of  plants,  Garner  and  Allard  (13)  found  that  length  of  day  is  much 
more  important  than  the  total  amount  of  solar  radiation  received 
by  the  plant.  This  discovery  is  interesting  in  view  of  the  fact  that 
the  secretion  of  nectar  accompanies  the  attainment  of  the  flowering 
stage  for  practically  all  of  the  important  nectar-producing  plants. 

These  writers  state  that — 

Except  under  such  extreme  ranges  as  would  be  totally  destructive  or  at  least 
highly  injurious  to  the  general  well-being  of  the  plant,  the  result  of  differences  in 
temperature,  water  supply,  and  light  intensity,  so  far  as  concerns  the  sexual  re- 
production, appears  to  be,  at  most,  merely  an  accelerating  or  retarding  effect,  as 
the  case  may  be,  while  the  seasonal  length  of  day  may  induce  definite  expression, 
initiating  the  reproductive  processes  or  inhibiting  them,  depending  on  whether 
this  length  of  day  happens  to  be  favorable  or  unfavorable  to  the  particular 
species. 

Further  investigation  along  thes"e  lines  may  result  in  throwing  more 
light  on  the  effect  of  weather  factors  on  bee  behavior,  and  on  plant 
behavior  in  so  far  as  the  secretion  of  nectar  is  concerned.  A  corre- 
lation of  length  of  day  with  nectar  secretion  of  various  plants  may 
likewise  help  to  clear  up  the  many  differences  in  plant  behavior  which 

— 
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For  the  fall  period  the  coefficients  of  correlation  for  both  solar  radi- 
ation and  hours  of  sunshine  with  changes  of  colony  weight  are  prac- 
tically zero,  while  negative  correlations,  having  large  probable  errors, 
exist  between  these  variables  and  morning  loss. 

THE    EFFECT    OF    UNKNOWN    FACTORS    ON    CHANGES    IN    COLONY 

WEIGHT 

In  this  investigation,  correlations  have  been  made  between  changes 
in  colony  weight  and  10  different  factors  in  the  accompanying  weather 
conditions,  some  of  these  also  being  used  in  correlations  with  the  con- 
ditions for  the  day  or  night  previous  to  the  change  in  weight.  There 
are  so  many  external  and  internal  factors  which  may  influence  the 
physiological  processes  of  nectar-secreting  plants  and  the  behavior  of 
bees  in  gathering  and  ripening  nectar  that  it  is  not  probable  that  the 
factors  for  which  data  were  obtained  are  the  only  ones  which  may  in- 
fluence the  changes  in 
colony  weight.  For  the 
purpose  of  ascertaining 
to  what  degree  the  influ- 
ences have  been  deter- 
mined and  to  what 
degree  unknown  factors 
are  involved,  an  attempt 
has  been  made  mathe- 
matically to  find  the  val- 
ues of  all  unknown  fac- 
tors. Such  a  determi- 
nation throws  no  light 
on  the  actual  character 
of  these  unknown  fac- 
tors, on  the  degree  of 
their  influence  individu- 
ally, or  whether  some 
are  positive  and  some 
negative,  but  merely 
gives  the  mass  value  of 
all  factors  so  far  unde- 
termined. 

The  method  used  in  this  work  is  based  on  Pearson's  theory  of  mul- 
tiple correlation.  The  square  of  the  coefficient  of  multiple  correla- 
tion between  one  variable  and  a  number  of  others  measures  the  extent 
to  which  the  given  variable  is  determined  by  the  others,  while  1 
minus  this  square  measures  the  degree  of  determination  by  independ- 
ent residual  factors.  In  a  system  of  variables  X,  A,  B  and  0,  in 
which  nothing  is  assumed  of  the  causal  relationships  between  them, 
X,  which  in  this  case  is  change  in  colony  weight,  is  determined  by 
the  variables  A,  B,  and  C  (weather  factors)  and  by  all  other  residual 
actors.     This  method  has  been  described  in  detail  by  Wright  {85). 

In  Figure  11,  taken  from  Wright,  the  small  letters  represent  the 
path  coefficients,  and  the  capital  letters  the  variables,  used  in  deter- 
mining the  coefficients  of  correlation.  The  path  coefficients  are  not 
equal  in  value  to  the  coefficients  of  correlation  determined  by  direct 
correlation  methods,  but  may  be  defined  as  the  ratio  of  the  standard 


Fig.  11. — Graphical  representation  of  quantities  and  their  relations 
involved  in  the  determination  of  coefficients  of  correlation 
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deviation  of  X  due  to  each  variable  to  the  total  deviation  of  X.  0 
represents  all  residual  or  unknown  factors.  From  such  data  we  have 
several  simultaneous  equations;  as  many  in  number  as  there  are 
variables  considered. 

The  following  simultaneous  equations  are  obtained: 

rXA  =  a  +  brAB+crAC 
rXB  =  arAB  +1  +  ctbc 
TXc=arAC  +brBC  +  c 


T& 


Fig.  12.— Graphical  representation  of  quantities  and  their  relations  involved  in  the  correlation  of  facto 
of  increase  of  weight  of  the  colony  during  the  spring  and  fall  honey  flows 

By  solving  these  simultaneous  equations  the  values  of  the  path 
coefficients  a,  b,  and  c  are  derived.  The  .total  extent  to  which  X  is 
determined  by  the  variables  A,  B,  and  C  is  obtained  from  the  follow- 
ing formula  (Wright) : 

1  —  o* = arAx + lrBx  +  crcx 

Applying  this  method  to  the  correlations  and  other  data  obtained 
relating  to  changes  in  weight  of  the  colonies  during  the  spring  honey 
flow  (Table  2)  and  those  for  the  fall  honey  flow  (Table  5),  calcu- 
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lations  have  been  made  by  including  five  of  the  weather  factors.  In 
Figure  12  the  symbols  are  as  follows:  G  =  net  gain  (changes  of  colony 
weight  in  the  fall  period),  T=  average  temperature,  Tv  =  temperature 
variation,  H=  average  relative  humidity,  Hv  =  variation  of  relative 
humidity,  S  =  hours  of  sunshine,  L  =  nocturnal  loss,  and  o  =  residual, 
unknown  factors.  It  will  be  noted  that  only  5  of  the  weather  factors 
are  here  included,  although  10  were  determined  in  the  original  data, 
but  to  have  included  all  10  would  have  made  too  unwieldy  a  calcu- 
lation. In  order  to  make  comparison  between  the  spring  and  fall 
periods  the  same  variables  were  used  in  both  cases.  Hours  of  sun- 
shine were  used  instead  of  solar  radiation  because  this  factor  has  a 
larger  coefficient  of  correlation  with  net  gain  and  because  there  is  a 
high  correlation  between  these  two  factors  of  themselves.  None  of 
the  nocturnal  factors  were  included  in  this  calculation,  as  being  of 
probably  little  value  in  their  influence  on  net  gain. 

For  these  five  weather  factors  is  obtained  the  diagram  shown  in 
Figure  12. 

From  this  diagram  the  following  simultaneous  equations  are 
evolved : 

r0T  =a        +brTrv  +crHr  +  drHvT  +erST 
Totv  —  arTrv  +h         -f  cthtv  +  drBvrv  +  erSrv 
rGH  =--arTH  +hrTvH  +c        +drHvn  +erSH 
tqhv  =  cltthv  +  hrrvnv  +  cthhv  +  d         +  erSHv 
ros   ^arTS   +brTvS  +crHs  +drfIVs  +e 
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From  values  found  in  Table  2  are  derived  the  following  values  of 
the  correlations  specified,  used  in  calculating  the  value  of  the  unknown 
factors  influencing  change  of  colony  weight  during  the  spring  period: 

Diurnal 

Tq.t  =      .7529  rT.rv=      .5717  rTvirv=      .7855 

r0.Tv=      .5967  rr.H=-.1551  rTv.a  =      .7327 

r0.B  =  -.3806  rT.Hv=      .3899  rB  .hv= -.7584: 

To.hv=      .4229  rT.s  =      .5798  rE  .s  =-.6420 

rG.s  =      .6124  rTV.B= -.7113  rHv.s  =      .6780 

Nocturnal 

'     rL.T  =      .1754  rT.Tv=—  .0739  />*.*  =  —  .5655 

rL.Tv=  -.3439  7>.*=-.0043  r™.H*  =      .4493 

rL.H  =  -.1264  rr.^=  -.3373  rff.fft>=  -.6819 
rL.Rv=  —.0654 

Solving,  we  find  the  values  of  the  path  coefficients  to  be — 

a  =  .6898,  Z>  =  .0630,  c=-.3217,  5= -.2075,  e=.1004 

By  knowing  the  values  of  the  path  coefficients,  the  value  of  o2  can 
be  determined  from  the  following  formula: 

PqtVqt  +  JporvVoTv  +  'PghTqh  +  PouvTghv  +  posTos  =  1  —  O2 

and  is  found  to  be — 

o2=.  34705 

the  degree  of  determination  of  unknown  factors  for  the  spring 
period. 

In  determining  the  value  of  the  unknown  factors  influencing 
nocturnal  loss  during  the  spring,  only  four  variables  were  used, 
namely,  nocturnal  average  temperature,  temperature  variation,  noc- 
turnal average  relative  humidity,  and  variation  of  relative  humidity. 

The  values  of  the  path  coefficients  were  obtained  by  solving  the 
following  simultaneous  equations: 

Tlt   =  (L  "T  OTtvt     ~r  CT(jt    ~r  (IThvt 

Tltv  =  O/Vttv  ~4~  0  -f-  CThtv  ~\~  (IThvtv 

rLH  =wrTB  +brTVH  +c        +drHvn 

TlHV  =  WTtUV  +  brTVHV  +  CTHBV+  d 

and  are — 

a=.07329         b=  -.58681         c=  -.57172        d= -.16688 

The  values  of  the  unknown  factors  are  determined  by  substituting 
the  known  values  and  solving  the  equation — 

PltTlt  +  PltvVltv  +  VlhTlii  +  PlhvTlhv  =  1  —  O2 

whence — 

o2-. 70268 
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It  is  quite  evident  in  comparing  the  values  of  the  unknown  factors 
for  the  diurnal  and  nocturnal  periods  that  so  far  as  nocturnal  loss  is 
concerned  the  weather  factors  used  have  but  little  influence.  The 
causes  influencing  the  nocturnal  loss  during  the  spring  period  evi- 
dently lie  chiefly  within  the  colony  itself. 

The  variables  used  in  calculating  the  values  of  the  unknown  factors 
during  the  spring  period  were  also  employed  in  determining  the  val- 
ues of  the  unknown  factors  for  the  fall  period.  The  coefficients  of 
correlation,  derived  from  Table  5,  and  used  for  this  purpose,  are — 

Diurnal 

ro.r=-.2310  rT.Tv=      .0538  rTv.Hv  =      .6974 

ra.Tv=      .5570  rT.E  =      .2847  rTv.s   =      .5746 

rG.H  =  -.0960  tt.hv=  -.1184  rH.Hv  =  -.5995 

r0.Hv=     .3800  rT.s   =      .1813  rB.s     =-.6268 

r0.s  =      .0595  tTv.h=  -.4095  rsv.s   =      .4980 

Nocturnal 

rL.T  =-.3391  rT.rv=  -.1282  rTv.n  =-.4819 

rL.rv=      .5136  7Y.fr=— .0113  rTv.Hv=     .5034 

n.H  =-.4821  rT.Hv=  -.1018  rff.ffv  = -.9107 
rL.uv  =      .5391 

Substituting  the  known  values  and  solving  the  following  simulta- 
neous equations, 

rQT   =a  .    +brTVT  +crHT  +drEVT  +erSr 
Totv  =  arTrv  +h         +  cthtv  +  drHvrv  +  erSrv 
ran  =arTH  +hrTvn  +c       +  drHvH  +erSH 
Tgbv  =  arTEv  +  hrTvHv  +  ctUhv  +  d         +  erSEV 
ras   =arTs   +brTvs  -{-eras   +drnvs   +e 
we  have — 

a=  -.26769,  &  =  . 74349,  c  =  .  16154,  d  =  .04688,  €=-.24127 

Again,  substituting  these  values  for  the  path  coefficients  in  the 
following  formula, 

PgtTgt  +  PgtvVgtv  +  PghTgh  +  PghvTghv  +  PgsTgs  =  1  —  O2 

we  find — 

o2  =  . 53609 

Although  the  same  diurnal  variables  were  used  in  calculating  the 
value  of  the  unknown  factors  for  the  fall  and  spring  periods,  the  val- 
ues of  the  unknown  factors  for  these  periods  are  considerably  differ- 
ent. There  must  be  other  important  variables  not  included  in  the 
present  data  which  emphatically  influence  the  changes  of  colony 
weight  during  the  fall. 

The  path  coefficients  for  the  nocturnal  period  during  the  fall  were 
derived  from  the  solution  of  the  following  four  simultaneous  equa- 
tions : 

rLT    =cl        +  brTvT  +  cvht    4-  drHvr 

Tltv    =  CLTthv  +  &  +  CThtv  +  dVuvrv 

rLB    =arTH  +brTvH  +c        -\-drEvn 

Tlhv  =  CLTthv  +  brrvnv  +  CTbhv  +  d 
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In  this  case — 

a- -.27206         c  =  -.07350 
b  =      .29408         d=      .29642 

The  solution  of  the  equation — 

PltTlt  +pLTvrLTv  +  PlhTlh  +  PlbvTlbv  =1-o? 

therefore  gives — 

o2  =  . 56148 

It  is  interesting  to  note  that  the  value  of  the  unimown  nocturnal 
factors  during  the  fall  is  less  than  it  is  during  the  spring.  With  the 
same  variables  in  use  for  calculating  the  value  of  o2  during  these  two 
periods,  the  difference  must  be  accounted  for  by  variation  in  the 
behavior  of  the  bees  themselves. 

The  writer  has  calculated  the  value  of  o2  from  the  coefficients  of 
correlation  which  he  determined  from  data  by  Harrault  (15),  given 
under  the  discussion  of  temperatures.  In  this  case  only  two  vari- 
ables are  available,  namely,  the  average  daily  temperature  and  the 
relative  humidity.     The  solution  of  the  two  simultaneous  equations — 

r0T  =  a       +  brTH 
ran  =  arTH  +  b 

gives  a  =.4779  and  &  =  .1635.     By  substituting  these  values  in  the 
formula — 

PotTot  +  four  on  =  1  -  O2 

we  have — 

o2=.6998 

This  figure  shows  the  value  of  the  unknown  factors  to  be  greater 
than  that  found  in  this  work  for  the  spring  period. 

A  similar  analysis  of  Bonnier's  (1)  data  gives  o2  =  .3093.  This  figure 
is  lower  than  that  given  for  the  spring  period.  One  must  take  into 
consideration  that  only  temperature  and  relative  humidity  were  con- 
sidered by  Bonnier  and  that  activity  of  the  bees  does  not  enter  into 
consideration  in  his  work. 

THEORETICALLY  CHANGING  WEATHER  FACTORS  AND  PREDICTING 

RESULTING  GAINS 

One  of  the  primary  objects  in  presenting  the  following  data  is  to 
demonstrate  the  value  of  accurately  kept  records  of  colony  weight, 
together  with  weather  records.  By  knowing  how  changes  of  colony 
weight  vary  with  changes  in  the  weather  factors  over  a  series  of 
years,  it  would  not  be  an  impossibility  to  predict  whether  or  not,  in 
the  long  run,  a  certain  locality  would  justify  commercial  beekeeping. 
Such  data  could  also  be  used  to  plan  migratory  beekeeping  and  to 
learn  perhaps  whether  a  locality  not  suitable  for  honey  production 
would  be  suitable  for  the  production  of  bees  or  for  queen  rearing. 

In  order  to  give  concrete  examples  in  predicting  gain  under  any 
variation  of  weather  conditions,  the  necessary  data  may  be  taken 
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from  Table  6  and  given,  decoded,  in  Table  7.  The  following  path 
coefficients  are  also  used  in  the  computations  (see  p.  42)  for  the 
spring  period : 


a  =  p0T  -  .6898 
J)  =  pGTV=  .0630 
c  =  p0B  =  -.3217 


d  =  paHv  =  -.2075 
e  =  ps      =      .1004 


The  formula  for  multiple  regression,  as  given  below,  is  used  in 
arriving  at  the  value  of  the  predicted  gain  G  : 

nl     nx        T'-T\,     Tv'-Tv,       W -H  ,  ,    Hv' -Hv  ,       S' -S 


Ut 


0~UV 


(Jtv  0~h 

This  equation,  in  turn,  is  simplified  to — 

G'  =  G  +  MT'-T)+Jctv  .   (Tvf-Tv)+JcE  .  (H'-E)+Jchv 

(Hv'-m+lcs  .  (S'-S) 
where — 


<TS 


Kt   == 

134.5550 

kuv  — 

-18.3968 

krv== 

11.3678 

JCs    - 

30.6658 

Jch  = 

-    38.0266 

Table  6. — Mean  and  standard  deviations  of  weather  factors  and  changes  of  colony- 
id  eight  for  the  spring  period 


Net 
gain 

Noc- 

Diur- 
nal 
aver- 

Diur- 
nal 
vari- 

Diur- 
nal 

Diur- 
nal 

Hours 

Noc- 

, turnal 

Solar     aver- 

Noc- 
turnal 
vari- 

Noc- 
turnal 

Noc- 
turnal 

turnal 
loss 

age 
tem- 
pera- 
ture 

ation 
of  tem- 
pera- 
ture 

age      ation 
hu-    /  of  hu- 
midity midity 

of  sun- 
shine 

Radi- 
ation 

age  of 
tem- 
pera- 
ture 

ation 
of  tem- 
pera- 
ture 

aver- 
age hu- 
midity 

ation 
of  hu- 
midity 

Mean.. 

3.  9209 

4.  2630 

4.  63141  4.  9472 

3.  5262 

4.  6840 

5.  5787 

6. 1577 

5. 4998 

4. 7103 

5.  8419 

3.  8946 

a . 

2. 2289 

2.  2908   2.  5385   2. 4705 

2.  2448 

2.5140   3.0406 

2.  6808 

2.  8169 

1.  5717 

2. 0333 

2.  2687 

Table  7. — Decoded  values  of  the  means  and  standard  deviations  of  variables  used  in 

determining  G' 


Variable 

Mean 

<r 

G 

3023. 1600 

1114.4500 

T 

75.  8600 

5.7116 

Tv 

25.  7300 

6.  1762 

H 

55.  0700 

9.  4281 

Hv 

57.  0200 

12.  5700 

S 

10.  5580 

3.  6-187 

By  substituting  in  either  of  the  foregoing  equations  the  various 
weather  factors  for  each  day,  as  given  in  Table  8,  we  obtain  the  effect, 
measured  in  grams,  of  the  individual  weather  factors  upon  the  gain 
of  any  particular  day.  Table  9  also  gives  these  individual  values  for 
all  days  shown  in  Table  8. 

Using  this  method,  calculations  have  been  made  from  the  weather 
data  shown  in  Table  8  to  determine  the  predicted  gain  for  each  day 
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of  the  spring  period  of  the  two  years.  The  results  of  these  calculations 
are  presented  in  Table  10,  which  also  gives  the  relation  of  the  actual 
gain  to  the  predicted  gain  in  terms  of  percentage.  It  will  be  noticed 
that  the  average  of  the  predicted  gains  is  100.53  per  cent  of  the  aver- 
age of  actual  gains.  This  figure,  however,  has  no  biological  signifi- 
cance, since  all  of  the  predicted  gains  were  calculated  on  a  daily 
basis. 

The  correlation  between  actual  gain  and  predicted  gain  is  theoreti- 
cally obtained  by  the  following  formula: 


Tgg 


^ar0T  +  brGrv  +  ctGh  +  drGnv  +  erGs  =  .8080 


The  actual  and  predicted  gains  may,  therefore,  be  expected  to 
agree  within  approximately  20  per  cent  of  each  other. 

In  order  to  determine  how  close  this  calculated  correlation  agrees 
with  the  true  correlation  between  actual  and  predicted  gains,  the  fig- 
ures shown  in  Table  10  were  correlated  by  the  usual  method  for 
obtaining  the  coefficient  of  correlation. 

In  this  case — 


V  n  J(JX<JV 


8844 


These  two  values,  actual,  rG</  =  .8844,  and  predicted,  rGc/  =  .8080,  are 
reasonably  close  and  serve  as  an  excellent  check  on  all  the  compu- 
tations involved. 

Table  8. — Morning  loss,  net  gain,  nocturnal  loss,  and  intensity  of  weather  factors 
during  the  spring  -period,  colonies  AB  and  2,  May,  1922  and  May,  1923 
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Table  10. — Actual  and  predicted  gains  and  percentage  of  actual  gain  to  predicted 
gain  in  colony  weight  for  the  spring  period 


Date 

Actual 
gain 

Predicted 
gain 

-^-XlOO 

Date 

Actual 
gain 

Predicted 
gain 

-^-xioo 

1922 
May  10 

980 
5,900 
2,550 
2,410 
2,220 
1,110 
1,670 
3,700 
3,690 
4,610 
4,080 
3,320 

1,740 

4,453 
2,187 
3,268 
2,224 
2,310 
3,308 
3,177 
3,479 
3,544 
3,403 
3,948 

177.55  I 
75.47 
85.76 
135.60 
101.09 
208. 10 
198.08 
85.86 
94.28 
76.87 
83.40 
118.91 

1923 
May  18 

3, 065 
2,750 
2,850 
2,940 
2,295 
1,000 
3,100 
3,470 
3,925 
4,  230 
3,680 
4,250 
1,765 

2,709 
3,138 
2,724 
2,573 
2,197 
1,341 
2,609 
3,322 
4,151 
4,470 
3,148 
4,579 
1,962 

88.38 

11 

19 

114.10 

12 

20. .. 

95.  57 

13 

21 

87.51 

14. 

22 

95.72 

15. 

23 

134. 10 

16 

24 

84.16 

20.. 

25 

95.73 

21 

26  _. 

105. 75- 

29 

27 

•;8 

105.67 

23 

85.54 

24 

29.... 

30 

Total 

107.  74 

111.16 

75, 560 

75,  964 

100.53 

To  take  specific  days  as  examples,  on  May  14,  1922,  the  actual 
gain  was  2,220  grams  and  the  predicted  gain  for  that  day  was  2,224 
grams.  By  arbitrarily  making  relative  humidity  and  the  variation 
of  relative  humidity  equal  to  the  average  of  these  factors,  increasing 
the  hours  of  sunshine  from  6.9  to  14.2,  and  allowing  the  other 
weather  factors  to  remain  as  they  were,  the  predicted  gain  would  be 
2,928.  Thus  the  changing  of  these  three  weather  factors  theoreti- 
cally resulted  in  a  gain  of  704  grams. 

On  May  23,  1923,  the  net  gain  is  low  in  comparison  with  the  other 
days,  being  1,000  grams.  From  the  standpoint  of  the  maximum 
changes  of  colony  weight,  the  following  ideal  weather  factors  were 
substituted  for  those  actually  found  on  this  date: 

Hours  of  sunshine  14.6  hours,  instead  of  3.7. 

Average  diurnal  temperature  86°  F.,  instead  of  64.7°  F. 

Average  relative  humidity  38  per  cent,  instead  of  50.7  per  cent. 

The  remaining  weather  factors  were  not  changed.  Under  such 
conditions,  the  predicted  gain  is  5,025  grams.  The  actual  predicted 
gain  with  existing  weather  factors  on  May  23  is  1,341  grams.  By 
changing  the  weather  factors,  a  predicted  net  gain  of  3.684  grams 
results.  The  weather  factors  here  substituted  actually  occurred 
within  a  few  days  of  the  23d  of  May  and  so  are  not  at  all  unreason- 
able. The  combination  of  optimum  conditions  occuring  all  on  the 
same  day  is,  of  course,  entirely  problematical;  these  examples  are 
given,  however,  merely  to  show  the  importance  of  the  various  weather 
factors  on  changes  of  colony  weight. 

CONCLUSIONS 

Although  the  weather  is  beyond  the  control  of  the  beekeeper,  a 
knowledge  of  the  influence  of  weather  factors  upon  honey  crops  in 
various  parts  of  the  country  will  be  of  great  value  in  developing  the 
best  beekeeping  regions  of  the  United  States. 

To  gain  this  knowledge  it  is  first  of  all  necessary  to  keep  certain 
colonies  under  observation,  recording  at  frequent  and  regular  inter- 
vals the  weight  of  each,  and  recording  such  accompanying  phenomena 
of  the  weather  as  may  reasonably  be  supposed  to  influence  either 
the  secretion  of  nectar  or  the  activities  of  the  bees. 
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A  confirmation  of  the  practical  value  of  carefully  kept  records  of 
this  sort  is  shown  by  their  use  in  computing  predicted  changes  of 
colony  weight. 

A  mathematical  analysis  is  necessary  to  show  the  true  relationship 
between  these  changes  and  the  attendant  weather  factors,  and  with- 
out such  mathematical  analysis  the  relative  importance  of  various 
weather  factors  upon  the  changes  can  not  be  shown. 

Correlations  have  been  made  between  the  changes  in  the  weight 
of  two  colonies  of  bees  during  the  various  periods  of  the  day  and 
several  weather  factors.  From  the  standpoint  of  the  results  of  these 
comparisons  the  most  important  weather  factors  of  those  included 
in  this  investigation  affecting  net  gain  during  the  spring  period, 
and,  in  order,  the  values  of  their  coefficients  of  correlation,  are,  average 
temperature,  .7529;  hours  of  sunshine,  .6124;  temperature  varia- 
tion, .5967;  solar  radiation,  .5525;  variation  of  relative  humidity, 
.4229;  and  average  relative  humidity,  —.3806. 

Weather  factors  have  but  little  influence  upon  nocturnal  loss  dur- 
ing the  spring  period,  the  coefficients  of  correlation  being,  tempera- 
ture variation,  —.3439;  average  temperature,  .1754;  average  relative 
humidity,  —.1264;  and  variation  of  relative  humidity,  —.0654. 

During  the  fall  period  diurnal  changes  in  colony  weight  were  dif- 
ferently influenced  by  weather  factors,  the  coefficients  of  correlation 
between  these  changes  and  the  several  weather  factors  being,  for  tem- 
perature variation  .5570,  variation  of  relative  humidity  .3800,  aver- 
age temperature  —.2310,  average  relative  humidity  —.0960,  hours 
of  sunshine  .0595,  and  solar  radiation  —.0341. 

During  the  fall  period  the  influence  of  the  weather  factors  upon 
nocturnal  loss  was  greater  than  in  the  spring,  the  coefficients  of  cor- 
relation being,  for  variation  of  relative  numidity  .5391,  variation  of 
temperature  .5136,  average  relative  humidity  —.4821,  and  average 
temperature  —.3391. 

The  importance  of  the  unknown  factors  influencing  net  gain  during 
the  spring  period  was  less  than  that  of  the  unknown  factors  influ- 
encing diurnal  changes  in  the  colony  weight  during  the  fall,  the  value 
of  the  former  being  .3470,  while  that  of  the  latter  was  .5360. 

For  the  spring  period  the  value  of  the  unknown  factors  upon  noc- 
turnal loss  was  .7026,  while  that  for  the  fall  period  was  .5614. 

Factors  influencing  the  secretion  of  nectar  probably  do  not  similarly 
influence  changes  in  colony  weight. 

The  changes  in  the  weight  of  two  colonies  of  bees  placed  side  by 
side  continuously  resembled  each  other. 
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